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Descnption 

TECHNICAL FIELD 

s [0001] The present invention relates to an organic polymeric phosphorescent compound used as a nnatenal for an 
organic light-emitting device, a phosphorescent cc^position, an organic light-enriittlng device, and a display apparatus, 

BACKGROUND ART 

10 [0002] For a display apparatus such as a flat panel display or a lighting fixture such as a back light, an organic light- 
emitting device emitting an electroluminescence from a thin film made from an organic compound has been noted as 
a device by which a bright luminescence can be obtained at a lov/ voltage. 

[0003] Research and development for an increase in surface area employing a luminescent organic polymer soluble 
in an organic solvent or water are performed actively with respect to a styrene-based or fluorene-based organic polymer 
i& as a material of a film in an organic light-emitting device. As a method for fomiing a film of such an organic polymer, 
a wet process such as a spin-coating method, a printing method, and an Ink-jet method have been utilized. In particular, 
the ink-jet method is envisaged as a realistic method for creating pixels of a display screen In a full color display and 
a compact fuil>coior prototype panel has already been disclosed. 

[0004] On the other hand, research for great improvement of emission efficiency with respect to low-molecular com- 

20 pounds of which a film is formed by a vacuum deposition method has been perfomied actively and an organometallic 
compound with platinum or iridium, udlizing phosphorescence that is an emission from a triplet excited state of an 
organic compound, has been reported. An external emission quantum yield for an organic light-emitting device utilizing 
this phosphorescent compound exceeds 5 % for a conventional device utilizing fluorescence and a high efficiency of 
8 % was obtained, and recently, even a very high efficiency of 15 % has be^ obtained by devising a structure of a 

25 device {Appi. Phys. Leit., 77, 904 (2000)). 

[0005] There Is a research report for a dope-type organic polimner light-emlltlng device in which this low-molecular 
phosphorescent compound is dispersed Into an organic polymer, and for such a device that an iridium complex Is 
doped intopoly(M-vinylcarbazole)(PVK), the value of approximately 4% was obtained as an external emission quantum 
yield and a large improvement Is appreciated (Jpn. J. Appl Phys, 39, L28 (2000)). Also, for an organic poiymer con- 

30 tatning a ruthenium complex, an electrochemical luminescence was reported (J. IVlater, Chem., 9, 2103 (1999)). 

[0006] However, a conventional organic polymer light-emitting device, for which it is intended to realize an increase 
m surface area at low cost, has not yet been sufficient in respect to emission efficiency. The cause Is that the theoretical 
external emission efficiency has an upper limit of 5 % since fluorescence that Is luminescence from a singlet excited 
state of a conventional organic polymer Is u^lized. Although an organic polymer light-emitting device has a major 

i?5 feature In that a film of an organic polymer layer can be formed from a solution in an organicsolvent orwaterby awet 
process, further improvement of emission efficiency is a problem for practice in the future. 
[0007] Also, gaining great improvement of emission efficiency has been tried by dispersing a low-molecular phos- 
phorescent compound into an organic polymer light-emitting device, but the low-molecular one dispersed into a host 
poiymer is not stable and a display apparatus with a long service life and a reliability over a long period cannot be 

40 realized. 

[0008] Therefore, taking the future realization of an organic llght-emrtting device into consideration, development of 
a novel organic polymeric luminescent materialis desired, of which a film is formed from a solution in an organic solvent 
or water by a wet process, thereby an Increase In surface area can be realized at low cost, which is stable, that Is, has 
a long service iffe, and for whksh very hlgh^ efficient emission can be realized- 

45 

DlSdOSURE OF THE INVENTION 

[0009] The present invention Is provided taking the above problems Into consideration and is directed at providing 
an organic polymeric phosphorescent compound and a phosphorescent composition that are stable and emit very 
50 highly efficient phosphorescence, to be used as a material of an organic light-emitting device. 

[0010] Also, the present invention is directed at providing an organic light-emitting device employing the organic 
polymeric phosphorescent compound or the phosphorescent composition and an display apparatus employing this 
organic light-emitting device. 

[0011] To achieve this object, the invention as claimed in dalm 1 is a neutral organfo polymeric phosphorescent 

55 compound emitting phosphorescence and used in an organic llght-emltting device, characterized in that a phospho- 
rescent unit being a repeat unit for emitting phosphorescence and a carrier transporiiing unit being a repeat unit for 
transporting a carrier are included. 

[0012] According to the invention as claimed in claim 1 , an organic polymeric phosphorescent compound which is 
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stable and emits very highly efficient phosphorescence, used as a material of an organic fight-emitting device, can be 
provided, since the neutral organic phosphorescent confipound enDitting phosphorescence and used in an organic light- 
emitting device Includes the phosphorescent unit being a repeat unit for emitting phosphorescence and the carrier 
transporting unit being a repeat unit for transporting a carrier. 
5 [D013] The invention as claimed in claim 2 is characterized in that the repeat number m for the phosphorescent unit 
{s) and the repeat number n for the carrier transporting unit(s) satisfy the relationship of m < n in the phosphorescent 
compound as claimed in claim 1 . 

[0014] According to the invention as claimed in claim 2, emission efficiency of phosphorescence can be improved, 
since the repeat number m for the phosphorescent unit(s) and the repeat number n for the carrier transporting unit($) 

satisfy the relationship of m < n, 

[0015] The invention as claimed in claim 3 is characterized in that the repeat number m for the phosphorescent unit 
(s) and the r^eat number n for the can-ier tran^orting unit(s) satisfy the relationship of 0.0001 < m/(m-{-n) ^ 0.2 In the 

phosphorescent compound as claimed in claim 2. 

[0016] According to the invention as claimed in claim 3, phosphorescence can be emitted more eff icientfy since the 
?5 repeat number m for the phosphorescent unlt{s) and the repeat number n forths carrier transporting unlt{s) satisfy the 

relationship of 0.0001 < m/(m-i-n) < 0.2. 

[0017] The invention as claimed in claim 4 is characterized in that the phosphorescent compound Is soluble In an 

organic solvent or water in the phosphorescent compound as claimed In any of claims 1 through 3. 

[0018] According to the invention as claimed in claim 4, a film formation is allowed from a solution by means of a 

50 wet process since the phosphorescent compound is soluble in the organic solvent or water 

[0019] The invention as claimed In claim 5 is characterized in that a degree of polymerization for the phosphorescent 
compound is 5 through 5000 in the phosphorescent compound as claimed in any of claims 1 through^. 
[0020] According to the Invention as claimed in claim 5, the phosphorescent compound is soluble in an organic 
solvent and a unlfonn and stable film can be formed, since the degree of polymenzatlon for the phosphorescent com- 

25 pound Is 6 through 5000. 

[0021| The invention as claimed In claim 6 is diaracterized in that a phosphorescent site of the phosphorescent unit 
and/or a carriertransporting site of the carriertransporting unit form{s) aside chain orside chains of the phosphorescent 
compound in the phosphorescent compound as claimed in any of claims 1 through 5. 

[0022] According to the Invention as claimed In clami 6, a phosphorescent compound being easy to synthesize and 

50 easy to dissolve in a organic solvent can be provided, since the phosphorescent site of the phosphorescent unit and/ 
or the carriertransporting site of the earner transporting unit fomn(s) the side chain or side chains of the phosphorescent 
compound, 

[0023] The Invention as claimed in claim 7 is characterized in that a phosphorescent site of the phosphorescent unit 
and/or a carrier transpoiting site of the carrier transporting unit fbrm(s) a main diain of the phosphorescent compound 
55 in the phosphorescent compound as claimed in any of claims 1 through 5. 

[0024] According to the invention as claimed in claim 7, motion of a conplex-portion is suppressed and a stable 
phosphorescent compound can be obtained even at high temperature, since the phosphorescent site of the phospho- 
rescent unit and/or the carrier transporting site of the carrier transporting unit form(s) the main chain of the phospho- 
rescent compound. 

40 [0025] The Invention as claimed in claim 8 Is characterized in that a carriertransporting site of the carriertransporting 

unit is a hole transporting site in the phosphorescent compound as claimed in any of claims 1 through 7. 
[0026] According to the Invention as claimed in claim 8, a phosphorescent compound of which carrier balance is 
acceptable and emission effidency is high can be obtained by changing a ratio of the hole transporting site to the 
phosphorescent site since the carrier transportmg site of the carriertransporting unit is the hole transporting site. 
[0027] The invention as claimed in claim 9 is characterized in that a carriertransporting site of the carriertransporting 
unit is an electron transporting site in the phosphorescent compound as claimed in any of claims 1 through 7, 
[0028] According to the Invention as cialmed in claim 9. a phosphorescent compound of which carrier balance is 
acceptable and emission efficiency is high can be obtained by changing a ratio of the eleclron transporting site to the 
phosphorescent site, since the carriertransporting site of the carriertransporting unit is the electron transporting site. 
50 [(K)29| The invention as claimed in claim 1 0 Is characterized in that carriertransporting sites of the carriertransporting 
units include a hole tfanspoh:ing site and an electron transporting site in the phosphorescent compound as claimed In 
any of claims 1 through 7. 

[(K)30] According to the invention as claimed in claim 1 0, all functions of emissive property^ hole transporting property, 
and electron transporting prop^ are provided and thermal stability and a fong service iife are provided without com- 
55 pounding another organic material, since the carrier transporting sites of the carrier transporting units include the hole 
tran^ortlng site and the electron transporting site, 

[(K)31] The invention as cfainrted in claim 11 is characterized in that a phosphorescent site of the phosphorescent 
unit is a monovalent group or a divalent group of a complex with a transition metal or a rare earth metal in the phos- 
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phorescent compound as claimed in any of claims 1 through 10. 

[0032J According to the invention as claimed In ciaim 1 1 , a phosphorescent site in which emission efficiency of phos- 
phorescence is high can be provided, since the phosphorescent site of the phosphorescent unit is the monovalent 
group or the divalent group of the complex with the transition metal or the rare earth metal. 

5 [CKI33J The invention as claimed in daim 12 is characterized in that the monovalent group of the complex with the 
transition metal or the rare earth mstal bonds, as a side chain through a spacer portion, to a main chain and the spacer 
portion indudes an organic group in which the number of carbons is 1 through 30 and a hetero atom may be contained 
or an inorganic group in which the number of hetero atoms is 1 through 10 and a carbon atom is not contained in the 
phosphorescent compound as claimed in claim 11 . 

10 [0034] According to the invention as claimed In claim 12, a stable and high emission efficiency can be obtained by 
Increasing a degree of freedom for motion of the complex-portion, increasing solubility into an organic solvent, and 
allowing a unifonr* thin film to be fabricated by means of a coating method sinc^ the monovalent group of the complex 
with the transition metal or the rare earth metal bonds, as a side chain through a spacer portion, to a main chain and 
the spacer portion Includes an organic group in which the number of carbons is 1 through 30 and a hetero atom may 

15 be contained or an inorganic group in which the number of hetero atoms is 1 through 10 and a carbon atom is not 
contained. 

[0035] The invention as claimed in claim 1 3 is characterized in that a carriertransporting site of the carrlertransporting 
unit includes at least one \(md of groups selected from the group of groups Including monovalent groups of carbazole. 
monovalent groups of tertiary amine, monovalent groups of imidazole derivatives, monovaient groups of triazofe de- 
so rivatfves, monovaient groups of oxadlazoje derivatives, divalent groups of styrene, and divalent groups of fluorene and 
the group of groups in which the groups are substituted with asubstltuent in the phosphorescent compound as claimed 
in any of claims 1 through 12. 

[0036] According to the Invention as claimed in claim 13, a carrier transporting site in which a carrier tran^orting 
property Is high can be provided, since the carrier transporting unit Includes at ieast one 1<:md of groups selected from 
25 the group of groups Including monovalent groups of carbazole, monovalent groups of tertiary amine, monovalent groups 
of Imidazole derivatives, monovalent groups of triazole derivatives, monovalent groups of oxadiazo!e derivatives, di- 
valent groups of styrene, and divalent groups of fluorena and the group of groups In which the groups are subs^uted 
with a substltuent. 

[0037] The invention as claimed in claim 14 Is characterized in that one kind of phosphorescent unit radiating in a 
30 certain one color or more than one l^ind of phosphorescent units radiating in certain more than one kind of colors 
different from each other is/are included in the phosphorescent compound as claimed in any of claims 1 through 13. 
[(K>38] According to the invention as claimed in claim 14, radiation in a single color or a piuraiity of colors selected 
arbitrarily can be provided suitably since one kind of the phosphorescent unit radiating in the certain one color or more 
than one kind of the phosphorescent units radiating in the certain more than one kind of colors different from each 
35 other is/are included. 

[0039] The invention as claimed in claim 15 Is characterized in that the phosphorescent units include two kinds 
radiating in blue or green and in yellow or red. and radiate In white totally in the phosphorescent compound as claimed 

In claim 14. 

[0040] According to the Invention as claimed in claim 1 5. radiation in white color can be provided suitably, since the 
40 phosphorescent units include the two kinds radiating in blue or green and in yeik>w or red, and radiate in white totally. 
[0041 j The invention as claimed in claim 16 is characterized in that the phosphorescent units include three kinds 
radiating in blue, green and red, and radiate in white totally in the phosphorescent compound as claimed in claim 14. 
[CK)42] According to the invention as claimed in daim 1 6, radiation In white color can be provided suitably, since the 
phosphorescent units Include the three kinds radiating in blue, green and red, and radiate in white totally 
45 [0043] The invention as claimed in claim 1 7 Is a phosphorescent composition, charactenzed in that the phosphores- 
cent compound as claimed in any of claims 1 through 16 is included. 

[0044] According to the Invention as claimed in claim 17, a suitable phosphorescent composition can be provided, 
since the phosphorescent compound as claimed in any of claims 1 through 1 6 is included. 
[0045] The invention as claimed In claim 1 8 Is a phosphorescent composition charactenzed In that a plurality of the 
50 phosphorescent compounds as daimed tn claim 14 having one or more kinds of phosphorescent units radiating in 
colors different from each other are compounded, 

[0046] According to the invention as claimed in claim 1 8, a suitable phosphorescent composition can be provided 
since a plurality of the phosphorescent compounds as claimed in claim 14 having the one or more kinds of the phos- 
phorescent units radiating in cotors different from each other are compounded. 
55 [0047] The invention as claimed in claim 1 9 Is charactenzed in tiat white radiation is provided totafly in the phos- 
phorescent composition as claimed in claim 1 S. 

[0048] According to the invention as claimed In claim 19, a suitable phosphorescent composition can be provided 
since white radiation Is provided totally. 
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[0049] The invention as claimed in claim 20 Is ch^cterized in that a phosphorescent compound having a phospho" 
resoent unit radiating In blue or green and a phosphorescent compound having a phosphorescent unit radla^ng in 
yeliovif or red are compounded, and white radiation Is provided totaliy in the phosphorescent composition as claimed 
In claim 18. 

[0050] According to the invention as cialmed in claim 20, a suitable phosphorescent composition can be provided 
since the phosphorescent compound having a phosphorescent unit radiating in blue or green and the phosphorescent 
compound having a phosphorescent unit radiating in yellow or red are compounded, and white radiation is provided 
totaily- 

[0051] The invention as claimed in claim 21 Is a phosphorescent composition characterized in that the phosphores- 
cent compound or the phosphorescent composition as claimed in any of clafens 1 through 20 and a carrier Unsporting 
polymer compound are compounded. 

[00521 According to the Invendon as claimed in claim 21 , stability and a long service life are provided since the 
phosphorescent composition is provided by compounding the phosphorescent compound orthe phosphorescent com- 
position as claimed in any of claims 1 through 20 and a carrier transporting polymer compound. Also, a phosphorescent 
composition in which carrier balance is acceptable and emission eWiclency Is high can be provided by changing a ratio 

of the phosphorescent compound to the carrier transporting polymer compound. 

[0053] The invention as claimed in claim 22 is characterized in that the carrier transporting polymer compound Is a 
hole transporting polymer compound in the phosphorescent composition as claimed in claim 21 . 
[0054] According to the invention as claimed in claim 22, stability and a long service fife are provided since the carrier 
transporting polymer compound is the hole transporting polymer compound, Also, a phosphorescent composition in 
which carrier balance is acceptable and emission efficiency is high can be provided by changing a ratio of the phos- 
phorescent compound to the hole transporting polymer conpound. 

[0055] The invention as claimed in claim 23 Is characterized in Uiat the earner transporting polymer compound is an 
electron transporting polymer compound in the phosphorescent composition as claimed in claim 21 . 
[0056] According to the invention asclaimed In ciainr) 23, stability and a long sen/ice life are provided since the carrier 
transporting polymer compound is the electron transporting polymer compound. Also, a phosphorescent composition 
in which carrier balance is acceptable and emission efficiency is high can be provided by changing a ratio of the 
phosphorescent compound to the electron transporting polymer compound. 

[CK)571 The invention as claimed in claim 24 Is a phosphorescent composition characterized in that the phosphores- 
cent compound as claimed in any of claims 1 through 20 and a carrier transporting low-molecular compound are 
compounded. 

[0058] According to the invention as claimed in claim 24, stability and a long service life are provided since the 
phosphorescent composition is provided by compounding the phosphorescent compound as claimed in any of claims 
1 through 20 and a carrier transporting low-molecular compound. Also, a phosphorescent composition in which cairier 
balance is acceptable and emission efficiency is high can be provided by changing a ratio of the phosphorescent 
compound to the carrier transporting low-molecular compound, 

[00591 The Invention as claimed in claim 25 Is characterized In that the caniertransporting low^noiecular compound 
is a hole transporting low-molecular compound in the phosphorescent connposition as claimed in claim 24. 
[0060] According to the invention as claimed in claim 26, stability and a long service life are provided since the carrier 
transporting low^olecular compound is the hole transporting low-molecular compound. Also, a phosphorescent com- 
position in which carrier balance is acceptable and emission efficiency Is high can be provided by changing a ratio of 
the phosphorescent compound to the hole transporting low-molecular compound. 

[0061] The Invention as dalmed in claim 26 is characterized In that the carrlertransportlng low-molecular compound 

is an electron transporting low-molecular compound in the phosphorescent composition as claimed in claim 24. 
[0062] According to the Invention as claimed in claim 26, stability and a long service life are provided since the carrier 
transporting low-mo!^ular compound Is the electron transporting low-molecular compound. Also, a phosphorescent 
composition in which carrier balance is acceptable and emission efficiency is high can be provided by changing a ratio 
of the phosphorescent compound to the electron transporting iow-molecular compound. 

[0063] The invention as claimed in claim 27 Is characterized in that in an organic light-emitting device having one or 
more organic polymer layers interposed between an anode and a cathode, at least one layer of the organic polymer 
layers includes thephosphorescent compound orthe phosphorescent composition as claimed in any of clalmst through 

26, 

[0064] According to the Invention as claimed in claim 27, an organic light-emitting device being stable and emitting 
a very highly efficient phosphorescence can be provided, since the at least one layer of the organic polymer layers 
includes the phosphorescent compound orthe phosphorescent composition as claimed in any of claims 1 through 26, 
[0065] The invention as claimed in claim 28 is characterized in that in an organic light-emitting device having one or 
more organic polymer layers interposed between an anode and a cathode, a colorfllter Is provided between the anode 
and a transparent substrate on whlc^ the anode Is provided, and at least one layer of the organic polymer layers 
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includes the phosphorescent conrtpound as clamied In claim 15 or 1 6 or the phosphorescent composition as claimed 
mdalm 19 or 20. 

[0066] According to the invention as claimed in claim 28, an organic iight-emltting device being stable and emitting 
a very highly eftlcrent color-Nght can be provided, since the color filter is provided between the anode and the transparent 
5 substrate on which the anode is provided, and the at least one layer of the organic polymer layers includes the phos- 
phorescent compound as claimed in claim 15 or 1 6 or the phosphorescent composition as claimed in claim 1 9 or 20. 
[0067] The invention as claimed in daim 29 is characterized in that the anode is formed on a plastic substrate in the 
organic tight-emitting device as claimed in claim 27 or 28. 

[0068] According to the Invention as claimed in claim 29, a flexible organic light-emitting device can be provided, 
10 since the anode is fomned on the plastic substrate, 

[0069] The invention as claimed in claim 30 is characterized in that the organic polymer layer is formed by an inl<- 

jet method or a prin^ng method In the organic light-emitting device as claimed in any of claims 27 through 29. 

[0070] According to the Invention as claimed in claim 30, an organic polymer layer with a large surface area can be 

simply fabricated sfnce the organic polymer layer is fornied by the ink-Jet method or the printing method. 
15 [0071] The invention as ci^med in claim 31js characterized in that In a display apparatus having a display screen, 

each pixel of the display screen includes the organic light-emitting device as claimed In any of daims 27 through 29, 

and the each pixel is driven by two or more transistors. 

[0072] According to the invention as claimed In claim 31 , a display apparatus with an active matrix system can be 
provided since the each pixel of the display screen includes the organic light-emitting device as claimed in any of claims 
20 27 through 29, and the each pixel has two or more transistors. 

BRIEF DESCRIPTION OF THE DBAWINGS 

[0073] 

25 

FIG. 1 ts a diagram illustrating a t^^bal structure of a phosphorescent compound of an organic polymer according 

to the present invention. 

FIG. 2 is a diagram illustrating a laminated structure of an organic iight-emitting device according to the present 
invention. 

$0 FIG. 3 is a diagram showing an emission spectrum of the organic light-emitting device fabricated in example 6-3. 

FIG. 4 is a diagram showing an emission spectrum of the organic light-emitting device fabricated in example 7-2, 

BESTRODE FOR CARRYING OUT THE INVENTION 

36 [0074] Next, embodiments of the present invention will be illustrated by reference to the drawings. 

[0075] The present inventfon is an invention for an organic polymeric phosphorescent compound, which includes a 
repeat unit emitting phosphorescence {referred to as a phosphorescent unit) and a repeat unit transporting a carrier 
such as an electron or a hole (referred to as a carrier transpori:ing unit), used as a material for an organic light-emitting 
device. The organic polymeric phosphorescent compound according to the present invention may be a random copol- 

40 ymer of which a phosphorescent unit and a catri^ transporting unit are arranged randomly in a polymer chain, and is 
a non-ionic, that is, neutral polymer In the phosphorescent compound according to the present invention, stability and 
a long service life are provided since the phosphorescent units and the carrier transporting units are linked in a polymer 
chain and aggregation of the phosphorescent units is suppr^^d, and further a very highly ofTicient emission can be 
realized since the phosphorescent, not fluorescent, unit Is included. 

45 [0076] Typically, as shown in FIG. 1 , the structure of the phosphorescent compound according to the present invention 
is classified, due to the types of monomers forming the phosphorescent units and the carrier transporting units, into 
four cases: (a) the case where the phosphorescent sites and the carrier transporting sites are together in a main chain 
of the polymer, (b) the case where the phosphorescent sites are in side chains of the polymer and the carrierlransporting 
sites are in the main chain of the polymer, (c) the case where the phosphorescent sites are in the main chain of the 

50 polymer and the earner transporting sites are in the side chains of the polymer, and (d) the case where the phospho- 
rescent sites and the carrier transpori:ing sited are together In the side chains of the polymer. Herein, the phosphorescent 
site represents a pori:ion having a function of emitting phosphorescence in the phosphorescent unit and the carrier 
transporiiing site represents a portion having a function of transporting a carrier in the carrier transporting unit. 
[0077] Herein, it is desired that at teast one of the phosphorescent site and the carrier t^nsporting site bond, as a 

s& side chain, to the main chain of the polymer of the phosphorescent compound (FIG. 1(b)-(d}}. In this case, it Is easy 
to synthesize the phosphorescent compound and a phosphorescent compound that Is easy to dissolve in an organic 
solvent can be provided, 

[0078] Furthermore, In order to provide a phosphorescent site of which emission efficiency of phosphorescence is 
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high J IS desired that the phosphorescent site be a monovalent group andadivalerrt group ofacomplex with atransltion 

metal or a rare earth metal. 

[0079] As examples of the phosphorescent sites, provided is a monovalent group or a divalent group of a transition 
metal complex or a monovalent group or a divalent group of a rare earth metal complex induding a ligand selected 
5 from the group showing: 



10 



IS 



20 



25 



30 




35 

The transition metals used in the above mentioned transition metal complex include the first transition element series 
of the periodic table, that is, Sc with the atomic number of 21 through Zn with the atomic number of 30; the second 
transition element series, that Is, Y with the atomic number of 39 through Cd with the atomic number of 48; and the 
third transition element series, that Is, Hf with the atomic number of 72 through Hg with the atomic number of 80. Also, 
40 the rare earth metals used in the above mentioned rare earth metal complex Include the lanthanide series of the p^iodb 
tabie, that Is. La with the atomic number of 57 through Lu with the atomic nunrt)©r of 71 . Furthermore, the llgand may 
be a ligand different from the above-mentioned ligands, 

[OOBO] Examples of the earner transporting sites with high carrier transporting property are different between the 

case where the organic poiymoric phosphorescent compound according to the present invention is a hole transporting 
45 polymer and the case where ths organic polymeric phosphorescent compound according to the present invention is 
an electron transporting polymer. 

[0081] In the case of the hole transporting polymer, monovalent groups of carbazole (HT-i) being a tertially amine, 
trlphenylamlne (HT-2), a multimer thereof (HT-3), etc. as shown in 

50 



55 
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HT-t 




are typical and these monovalent groups may be substituted with a substltuent. 

[0082] In the case of the electron transporting polymer, monovalent groups of oxadiazole derivatives (ET-1 , 2), tria- 
zole deiivatives (ET-4), or imidazole derivatives (ET-3) as shown in 





ET-l 



ET-t 




ET-S 




ET-4 



are provided. Aromatic rings in the monovalent groups of these denvatives may be substituted with a substituent. Also, 
a divalent group of thlophene.(TF), a divalent group of benzene (PR), a divalent group of styrene (PV), or a divalent 
group of fluorene (FO), substituted with a substituent, having a capability of transporting a hole and forming a polymer 
of which a main chain is a conjugate system in fluorescent polymers, as shown in 





FO 
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may be employed. Herein, substltuent R represents an alkyl group or an alkoxy group. In the phosphorescentcompound 
15 according to the present ir^vention, these divalent groups are Incorporated into the main chain of the polynrter as phos- 
phorescent sites. 

[0083] As examples of copolymers Including the above mentioned repeat units, provided are polymers {P1 , P3, P4) 
having a monovalent group- of a lrldium complex or a platinum complex of the phosphorescent site and a monovalent 
group of carfoazole or a denvattve thereof as the hole (earner) transporting site lo the side chains of the vinyl structure 
20 being the main chain, and also a polymer (P2) using a monovalent group of an oxadiazole derivative as the electron 
(carrier) transporting site to the side chains, as shown In 



30 
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20 

These copolymers can be synthesized via a radical copolymerizatlon using a reaction initiator from a vinyl compound. 
A monomer in which a polymerizabie funcrtlonal group is introduced to one of iigands of an iridium complex is synthe- 
sized, for example, by the followmg method. The synthesis method Is such a method that an intermediate In whic^ one 
reactive substituent (hydroxy! group, amino group, etc.) has been introduced to each of the three Iigands is prepared, 

25 Hiis intermediate and a compound having a poiymerizable functional group (polymerizabie acid halldes^ polymerizable 
isocyanate, etc.) are reacted at a molar ratio close to 1 :1 , and the product Is purified to obtain a nronofunctionaj mon- 
omer. Furthermore, afterthe above-mentioned reactionj in order to render reactive substltuents remaining in the product 
non-reactive, the product and a non-polymerizable compound (all<yf halides, carboxyiic acid halides, etc.) are reacted. 
[(K)84] Moreover, also provided Is a copolymer with such a structure that one of the Iigands of &ie iridium complex 

50 is acetylaceton or picolinic add and the iridium complex bonds to the main chain of the polynrier via this acetylaceton, 
etc, as shown in 



35 



40 




45 



50 



55 
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Herein, * marks in the chemical fomnulas denote portions (bonds) connecting to substltuents R shown in the chemical 
formulas of the polymer. 

40 [00S5| As described above, a monomer of an iridfum complex In which one of two kinds of ligands (those of which 

two are coordinated are referred to as first ligands and those of which one is coordinated are referred to as second 
ligands) is introduced and a poiymerizable functional group to the second iigand is included, Is synthesized, for example, 
by the foliowing method. The synthesis meth<Ki is such a method that a binuclear complex with Iridium synthesized by 
the well-lcnown method (S, Lamansky, et aL, Inorganic Chemistry, 40, 1704(2001)) and the second iigand having a 

4S poiymerizabie functional group are reacted to obtain a mononuclear iridium complex having a poiymerizable functional 
group. Also, the binuclear complex and a second Iigand having a reactive substituent may be reacted to obtain a 
mononuclear indium complex having a reactive substituent, and this and acompound having a poiymerizable functional 
group may be reacted to obtain a mononuclear iridium complex having a poiymerizable functional group. 
IQQBB] Also, as the above-mentioned copolymer, when a transition metal complex portion of an iridium complex, etc, 

50 or a rare earth metal complex portion as the phosphorescent site bonds, as a side chain, to a main chain of the polymer, 
it Is preferable that a spacer portion be Interposed between amonovalent group of the transition metal complex or the 
rare earth metal corrplex and the main chain of the polymer, 

[0087] The spacer portion is a portion bonding between a multivalent atom to which an atom allowable to be substi- 
tuted bonds in the polymer compound constituting a main chain and a multivalent atom to which an atom allowable to 
55 be substituted bonds in a low-molecular compound fomning the basis of phosphorescent site. It Is preferable that such 
a spacer portion be a structure including an organic group in which the number of carbons is 1 through 30 and a hetero 
atom may be contained or an inorganic group in which the nunrt)6r of hetero atoms is 1 through 1 0 and a carbon atom 
not be contained. 
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[0088] As the spacer portion, for example, an alkylene group in which the number of carbons is 1 through 20, and 
linking groups such as {S-1) through {S-15), etc. as shown .In 



{S~3) CS-4) ^ 



(S-5) <S-6) 



(S-7> ^ 



<S-9) (S-10) 

0 ^ 



(S-11) (S-12) 

0 0 
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(S-13) 



0 

I 



(S-14) 



KJ V 



(S— 15) 

0 0 



can be provided, but are not limited to them. 

[0089] Furthermore, in (S-1 ) through (S~1 5), R1 , R2, and R3 represent Independently a methylene group, or a sub- 
stituted or non-subsliruted phenylene group respectively, and k, m, and n are independently 0 J , or 2 respectively 
[009D] Also, a copolymer with a structure in which the phosphorescent site and the carrier transporting site are 
Incorporated Into not side chains but a main chain is provided. 

[0091] Substututed divalent group of thiophene, benzene, and fluorene and a divalent group of an Iridium complex 
are polymerized to form a main chain as shown in 
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[<K)&2] Thus, as exampies of coplymers, although copolymers of either the hole transporting site or the electron 
transporting site and the phosphorescent site have been provided, the phosphorescent compound according to the 
present invention may be a copolinner of the hole transporting site, the electron transporting site, and the phospho- 
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rescent site. In this case, the hole transporting site, the electron transporting site, and the phosphorescent srte nnay 
independently form a main chain of the copofymer and also may form side chains, respectively 
[00931 As the repeating number of the phosphorescent unlt(s) is nn and the repeating number of the canler trans- 
porting unft(s) is n, in the present invention, in orderto improve enrtissson efficiency of phosphorescence, the relationship 

5 m < n, that is, the repeating number of the phosphorescent unit{s) being smaller than the repeating number of the 
carrier transporting un(t(s), is desired. Hence, both of m and n are natural numbers of 1 or more. On the other hand, 
in the case of m 2: emissfon of the luminescence is suppressed by concentration quenching. Furthermore, in order 
to realize a very highly efficient emission of phosphorescence, it is preferable that the ratio of the repeating number of 
the phosphorescent unit(s) to the total number of the phosphorescent unlt(s) and the carrier transporting tjnit(s) be 

10 equal to or less than 0.2. Also, as the ratio of the repeating number of the phosphorescent unlt(s) is too small, the 
phosphorescent s[te(s) is/are reduced and the emission efficiency falls down. Thus, the ratio of the repeating number 
of the phosphorescent unlt{s) has to be not too sm^i, and Is desired to be equal to or more than 0,0001 . TTiat Is, 

0.0001 ^ m/(m+n) < 02 

15 

is desired. 

[0094] The phosphorescent compound according to the present invention may have one kind of phosphorescent 
unit radiating In one color and also may have two or more kinds of phosphorescent units radiating in two or more colors 
20 different from each other. 

[0095] In the phosphorescent compound according to the present invention, by introducing two or more kinds of 
phosphorescent units radiating in two or more colors different from each other, a luminescent color that can not be 
obtained for a phosphorescent compound having only one kind of phosphorescent unit radiating in one color can be 
obtained. 

25 [0096J For example, by introducing three kinds of phosphorescent units radiating in blue, green, and red respectively 
to one compound in an appropriate proportion, a phosphorescent compound for white luminescence can be obtained, 
Herein, the phosphorescent unit radiating in blue, green, or red is such that a luminescent color of photoluminescence 
shows blue, green, or red respectively in the case of forming one phosphorescent compound employing each one 
independently or, furthermore, such that the luminescent color shows blue, gr^n, or red respectively In the case of 

so fabricating and lighting the organic light-emitting device mentioned below. 

[0097] Furthermore, the blue color of the luminescent color mentioned herein Is such that a peak wavelength In an 
emission spectrum is in 400 through 490 nm. Likewise, the green color is such that the peak wavelenglh is In 490 
through 570 nm, and the red color is such that the peak wavelength is in 570 through 700 nm. 
[009a] Also, the phosphorescent compound for white luminescence can be obtained by Introducing two kinds of 

35 phosphorescent units radiating In blue or gre^ and yellow or red respectively to one confound In apprc^riate pro- 
portion. 

[0099] Furthermore, the blue color or the green color of the luminescent cofor mentioned herein Is such tiat peak 
wavelength in an emission spectrum is in 400 through 570 nm, and likewise, the yellow color or the red color is such 
that the peak wavelength Is in 570 through 700 nm. 

40 [0100] Also, the phosphorescent material for v^lte luminescence can be obtained not only as the single phospho- 
rescent compound as described above but also as a composition in which a plurality of phosphorescent compounds 
having one or more phosphorescent units showing luminescent colors different from each other are compounded. 
[0101] For example, a phosphorescent composition in which a first phosphorescent compound having two kinds of 
phosphorescent units that are a phosphorescent unit radiating in blue color and a phosphorescent unit in green color 

45 and a second phosphorescent compound having one kind of phosphorescent unit radiating in red color are compound- 
ed, a phosphorescent composition in which three phosphorescent compounds having each kind of the phosphorescent 
units radiating in blue, green, and red color, respectively are compounded, and a phosphorescent composition in which 
two phosphorescent compounds having each kind of the phosphorescent units radiating In blue and orange colons 
respectively are compounded, etc. can be given but any limitations are not provided to them. 

50 [0102] It is desired that a film of the organic polymeric phosphorescent compound according to the present invention 
can be formed 1:^ a wet process. In the wet process, since a solution of the phosphor^cent compound is provided, 
soiubifity in an organic solvent or water is needed. Particularly In order to make the phosphorescent compound soluble 
in the organic solvent, it is desired to use a metal complex substituted with a relatively long carbon chain such as an 
alky! group, or an alkoxy group, etc., as a phosphorescent site. 

55 [0103] For the organic polymeric phosphorescent compound according to the present invention, rt is desired that a 
degree of polymerization be In 6 through 6000. As the degree of the polymerization is less than 5, formation of a uniform 
film is difficult and crystallization Is caused easily to reduce the stability. Aiso, an organic polymer of which a degree 
of polymerization is larger tiian 5000 is difTicuit to produce and is drmcuit to dissolve into an organic solvent. Therefore, 
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as the d^ree of the polymerization is In 5 through 5000, a uniform and stable film can be formed, 
[0104] Next, the organic light-emitting device according to the present invention will be IHustrated, 
[0105] For the organic light'-emitting device according to the present invention, the organic polymeric phosphorescent 
compound acxsording to the present invention described above can be employed as a luminescent material. 
5 [01 06] Also, for the organic light-emftting device accordir^g to the present invention, in order to further improve carrier 
transporting property of the phosphorescent conr^ound according to the present invention, a composition In which the 
phosphorescent compound according to the present Invention and the carrier transporting comixjund are compounded 
can be employed as a luminescent material. 

[0107] That is, when the phosphonescent compound according to the present Invention is a hole transporting one, 
10 an electron transporting compound can be admixed, and also when the phosphorescent compound according to the 
present invention Is an electron transporting one, a hole transporting compound can be admixed. In these cases, the 
electron transporting compound and the hole transporting compound may be a low-molecular compound and also a 

polymer compound, respectively 

[0108] As the low-molecular hole transporting compound being compounded into the phosphorescent compound 
IS according to the present Invention, a known hole transporting material represented by triphenylamine derivatives such 
as TPD (N,N'-diphenyl-N,N'-(3-methylphenyl)-1,r>biphenyN4,4'-diamlne), a-NPD (4.4'-bls[N^(1-naphtyl)-N-phe- 
nylaminojbiphenyl), m-MTDATA {4,4',4"-lris(3-m6thylphenylphenylamino)triphenylamlne), etc., and carbazole deri- 
vateives such as CBP (4,4'-N-N'-dicarbazoie-43iph©nyl), etc. can be used but limitation is not provided to them. 
[0109] Also, as the polymer hole transporting compound compounded into the phosphorescent compound according 
20 to the present Invention, polyvlnylcarbazole, and one provided by introduction of a polymeiizable functional group to 
a trlphenylamine-based low-mobcular compound and polymerization, for example, the polymer compound with a 
triphenylamine skeleton disclosed in Japanese L^d-Open Patent AppNcatlon No.8-1 57576 can be used but a limitation 
IS not provided to them. 

[01 10] On the other hand, as the low-molecular electron transporting compound compounded into the phosphores- 
^5 cent compound according to the present Invention, a quinollnol derivatives metal complex such as Alqs (trisalumlnum- 
quinolinol), etc., oxadlazofe derlvath^es, triazole derivatives, imidazole derivatives, and triazlne derivatives, etc. can be 
used but a limitation Is not provided to them. 

[0111] Also, as the polymer electron transporting compound compounded into the phosphorescent compound ac- 
cording to the present invention, one provided by Introduction of a poiymertzable functional group to the low-molecular 

30 electron transporting compound described above, for example, polyPBD disclosed In Japanese Laid-Open Patent 
Application No, 10-1665 can be used but a limitation is not provided to them. 

[0112] In addition, in order to further improve the physical properties, etc. of a film obtained by a film formation, a 
polymer compound not relating to the luminescence property is admixed Into the phosphorescent compound or the 
phosphorescent composition according to the present invention to provideacomposition, and this can also be employed 
35 as the luminescent material. For example, in order to give fle)dblllty to the fibn, PMMA (polymethyl methacrylate) can 
be admixed, but a iimitation is not provided to it. 

[0113] The present invention also provides an organic light-emttting device characterized In that the organic polymer 
phosphorescent compound as described above Is included in at bast one layer. For the organic light-emitting device 
according to the present invention, since phosphorescent unit(s) and carrier transporting unit(s} of the phosphorescent 
40 compound are linked In a polymer chain> aggregation of the phosphorescent unit(s) of the phosphorescent compound 
caused by continuous running or overheating of the organic llght-emlttlng device is suppressed to be able to provide 
a stable display apparatus, and since the phosphorescent, not fluorescent, unit Is Included, a very highly efficient 
emission can be realized. 

[0114] Although, as shown in FIG. 2(a), the organic light-emitting device in which the phosphorescent compound. 

45 according to the present invention is employed functions In a mono-layer structure such that the phosphorescent com- 
pound according to the preset Invention is Interposed between an anode and a cathode In a pair, In order to improve 
the emission efficiency of phosphorescence, a laminated construction with an electron transporting layer in which an 
electron transporting polymer is employed^ like FIG. 2(b) or a lammated construction with a hole transporting layer In 
which a hole tran^ortlng poi\mier rs employed, like FIG. 2(c) are desired. As these carrier (electron and hole) trans- 

50 porting polymers, given are a polymer including a group of tert:iary amines and derivatives thereof (HTP1 ,2), oxadlazole 
derivatives (ETP1,2), or imidazole derlvatrlves (ETP3), polyparaphenylenevinylene {CP1), and polydialkylfluorenes 
(CP2) such as 



55 
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[0115] In the light-emitting device having the laminated construc^on of FIG. 2(b), the emission mechanism will be 
briefiy explained for an organic Hght-emltting device in which the above-mentioned P1 polymer is employed as the 

45 phosphorescent compound and the polymer ETP2 Including a group of oxadiazole derivatives is employed as the 
electron tran^ortlng polymer. Etecfi-ons injected from the cathode are transported through the electron transporting 
layer and in|ected into the phosphorescent compound P1 layer, while holes injected from the ITO anode conduct on 
repeat units including a carbazole ring of the phosphorescent compound PI . By the recombination of injected electrons 
with holes on the carbazole ring, an excited state of the repeat unit of the carbazole ring is created, and then energy 

50 transfers to the repeat unit of the Iridium complex. As a result, a triplet excited state Is created on the repeat unit of the 
iridium complex, and an emission of phosphorescence is observed because of energy relaxation. However, a mech- 
anism such that recombination of the injected holes and electrons occurs on the repeat units of the iridium complex 
can be also considered. 

[0116] The anode Is generallyfomied on a glass substrate being a transparent substrate and an emission transmitting 
SB material is employed. ITO (indium tin oxide), indium oxide, tin oxide, or an Indium oxide-zinc oxide alloy is preferable, 
A thin film of metal such as gold, platinum, silver, magnesium, etc. may be employed. Also, an electrically conductive 
polymer including polyaniline, polythlophen, polypyrrole, and derivatives thereof can be used, 
[0117] For the cathode, it is preferable to employ an alkali metal such as LI, K, etc. and an alkali earth metal such 
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as Mg, Ca, etc., of which woric func^ons are small, from a viewpoint of electron injection efficiency, it is also desired 
to employ Al etc. that is chemically stable compared to these metals. In order to provide both the electron Injection 
efficiency and chemical stability, a layer inciuding two or more kinds of materials may be provided. Those matenals 
are described In Japanese Laid-Open Patent Application No. 2-15595 and Japanese Laid-Open Patent Application 
5 No. 5-121172, etc. and a thin layer (approximately, 0.01 - 10 ^) of an alkali metal or an alkali earth metal such as 
cesium, calcium, strontium, barium, etc, may be interposed below the Al layer (suppose that the side of the cathode 
is the upper side and the side of the anode is the lower side). 

[0118] The anode and the cathodecan be formed by a publicly known method such as a vacuum evaporation method, 
a sputtering method, an ion plating method, etc. Also, it is preferable that a patterning for an electrode (partioJlariy, an 

io electrode of an emission transmitting material) be performed by a chemical etching such as photolithography, etc, and 
a physical etching utilizing a laser, etc. The patterning may be provided by superimposing a mask and perfomiing 
vacuum evaporation or sputtering, 

[0119] In the present invention, as a transparent substrate, a plastic substrate can be used besides the usual glass 
substrate. A plastic employed as a substrate is required to be excellent in respect to heat resistance, dimensional 

?5 stabillly, solvent resistance, electrical Insulation properi:les, process Ibllity, low gas penrreability, and low hygroscopicity. 
As such plastic, polyethylene terephthalate, polyethylene naphthalate, polystyrene, polycarbonate, polyethersulfone» 
polyajlylate, and polyimide, etc. can be provided. A flexible organic light-emitting device can be provided by employing 
these flexible substrates. It is preferable that a moisture penetration preventing layer (gas barrier layer) be located on 
the surface of the substrate at the side of the electrode or the surface at the opposed side of the electrode, or the both 

20 surfaces. As the material for forming the moisture penetration preventing layer, inorganic material such as silicon 
nitride and silicon oxide, etc. are preferred. A film of the moisture penetration preventing layer can be formed by high- 
frequency sputtering method, etc. Additionally, a hardcoat layer and an under-coal layer may be provided if necessary. 
[0120] As a film formation method of a layer of an organic polymer such as the phosphorescent compound, the 
electron transporting polymer, and the hole transporting layer, etc., a spin-coating method from a solution is common, 

25 and besides It as the method capable of easily fabricating an organic polymeric layer with large surface area, a printing 
method, an Ink-jet method, a spray method, and a dispenser method can be provided but a limitation Is not be provided 
to them. Thus, in a display apparatus of which each pixel of a display screen Includes the organic fight-emitting device 
according to the present invention, an organic polymer can be applied separately for each of the pixels so that the 
display screen of the display apparatus can be made full cok>r. Pari;icularly for the ink-jet method, this separate appll- 

^0 catfon for each of the pixels and making the display screen full color can be performed easily 

[0121] in the display apparatus of which each pixel of the display screen includes the organic light-emitting device 
according to the present Inventton, due to arranging two or more transistors for each of the pixels and addressing and 
driving the pixels by these transistors, a display apparatus with an active matrix system can be provided. One of at 
least two necessary transistors is a driving transistor for injecting an electrical current Into an organic light-emitting 

3S device forming a pixel, and the other one Is a switching transistor for controlling on/off for the ebctrical current Injected 
into this driving transistor. Furi:hermore, as organic transistors are employed as these transistors, an application to a 
plastic substrate is allowed. 

(Examples) 

40 

[01 22] Examples of the phosphorescent compounds according to the present invention and synthesis methods there- 
of will be Illustrated below. These examples are only illustrations for explanation and the present invention is not limited 
by these examples. 

45 {Example M ) Synthesis of the monomer of the phosphorescent compound; [2-(3-methacrylphenyl)pyridine]bis 
[2-(3-propionylphenyl)pyridlne]iridlum(lll) {Amplified as lr(MPPy)(PtC0PPy)2 below) 

{0123] First, 2"(3^methoxyphenyl)pyridine (MeOPPy) was syntheslned according to the usual method of sch^e (1 ), 

50 

^ ^^^^ "b^ « 

55 



[0124] Specifically, 3-methoxyphenyimagnesiumbromide was synthesized from 8.98 g (48 mmol) of 3-bromoanisole 
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using Mg In 60 ml of dried tetrahydrofuran (THF). Furthermore, the preceding obtained 3-methoxyphenylmagnesium^ 
bromide was added into the solution in which 6,32 g (40 mmol) of 2-bromopyridine and 0.74 g of [1 ,2^bis(diphenyl" 
phosphino)ethane]dbhloronicke[(0) (NI{dppe)Gl2) had been dissolved Into 40 ml of dried THF, and reaction was per- 
formed for 12 hours at room temperature to obtain 6.03 g {32.4 mmoi) of coloriess and transparent 2-(3-'methoxyphenyl) 
5 pyridine (MeOPPy). Identification was performed by CHN elemental analysis, UUH, and IR. 

[0125] Next, MeOPFy obtained in scheme (1) and tris{acetyiacetonato)iridium(lll) (lr{acac)3) were reacted at high 
temperature to synthesize tris(2-(3-methoxyphenyi)pyrldrn©)iridium(lll) (lr(l\/1eOPPy)3) as shown In scheme (2). 



10 




20 

[0126] Specifically, 0.50 g (2.70 mmol) of MeOPPy and 0,20 g (0,41 mmol) of lr{acac)3 were reacted in 20ml of 
glycerol for 9 hours at 250 C° and purification was made In a column to obtain 0.020 g (0.027 mmo!) of lr(MeOPPy)3 
as fluorescent yellow powder Identification was perfomned by CHN and 1r elemental analysis and IR. 
[0127] MeO groups of lr(MeOPPy)3 obtained in scheme (2) were hydrolyzed to OH groups in hydrochloric acid aque- 
25 ous solution to obtain powder of tris(2-{3-hydroxyphenyl)pyrldln0)iridium(lll) (ir(H0PPy)3) according to the usual meth- 
od of scheme (3). 



30 



$5 




40 [01 28] lr(H0PPy)3 obtained In scheme (3) was reacted with methacryllc acid chloride at molar ratio of 1 : 1 to perform 

methacryiation of a part of OH groups and to synthesize a complex based on lr{K^ppy)(H0PPy)2 according to scheme 
(4). Then, the residual OH groups were reacted with propionic acid chloride (PrCOCi) to obtain a complex based on 
lr(MPPy){PrC0PPy)2. 

45 



50 



55 
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15 [0129] Spedficaily, after 8 ml of dried THF, 0.706 g (1 mmol) of lr(H0PPy)3 and 0.600 g (5.9 mmol) of triethyiamine 
were put into a reactor, a solution in which 0.106 g (1 mmol) of methacrylic add chloride was dissolved into 4 ml of 
dried THF was dropped for 3D minutes and reaction was perfonned for 5 hours at 20 *C. A solution in whfeh 0.370 g 
(4 mmol) of propionic acid chlorWe was dissolved into 4ml of dried THF was further dropped into this reacted solution 
for 30 minutes and reaction was performed for 5 hours at 20 so that the residual OH groups was reacted, and a 

30 hydrochloride of triethylamine was filtered and separated. The solvent in the filtrate was evaporated and exsiccated 
and the obtained solid content was purified by perfomilng recrystallization in chlorofomi / methanol-mtxed solvent 
twice, to obtain 0.523 g {0,69 mmol) of objective ir(MPPy)(PrCQPPy)2 as powder. Identification for this complex was 
perfonned by CHN and Ir elemental analysis ^d IR. 

25 (Example 1 -2) Synthesis of the phosphorescent compound; [2-(3-methacrylphenyl)pyridine]bis[2-(3"propionyiphenyl) 
pyrldfnejiridium(hl) / N-vinylcarbazole copolymer (simplified as !r(Mppy)(PrC0PPy)2 / VCz copolymer below) 

i;0130| According to scheme (5), after 0.222 g (0.25 mmol) of lr(MPPy)(PrC0PPy)2 complex synthesized in example 
1 , 0.91 8 g {4.75 mmol) of N-vinylcarbazole (VCz) (lr(M PPy)(PrCOPPy)g and VCz being in molar ratio of 5:96), 0.01 0 
$0 g (0.061 mmol) of 2,2'~azobis(isobutyronltrile)(AIBN), 10 mi of butyl acetate were put Into a rector and replacement 
with nitrogen was perfonned, reaction was perfornned for 10 hours at SO °C. 



35 
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45 

[01311 After the reaction, the product was tiirown Into acetone, reprecipitation was performed, and a copolymer was 
recovered by filtration. Throwing of a solution of the recovered copolymer m chloroform into methanol for reprecipitation 
was further perfomied twice for purification and vacuum drying was perfornr^d after recovering the precipitation, to 
obt^n 0.946 g of objective Ir{MPPy)(PrC0PPy)2 / VCz copolymer as powder CHN and Ir elemental analysis for the 
50 obtained copolymer supported that lr(MPPy)(PrC0PPy)2 and VCz copolymerized in molar ratio of 5:96. That Is, the 
repeating number m of the phosphorescent units / the repeating number of the carrier transporting units n = 5 / 95 is 
considered. Also, from GPC for the copolymer in chloroform, weight-average molecular weight was 12000 relative to 
the polystyrene standard (an average degree of polymerlzaion calculated from the weight-average molecular weight 
being 37). Furthermore, the phosphorescent compound according to the present Invention Is soluble in an organic 
solvent such as chton^form, etc. 
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(Example 1-3) Fabrication of an organic iight^emttting device 

[01321 A solution of lr(MPPy)(PrC0PPy)2 / VCz copolymer and an oxadiazole derivative (tBu-PBD) being an electron 
transporting material In chloroform was prepared. The proportion was 65 percent by weightier lr(MPPy)(PrC0PPy)2 

5 / VCz copolymer to 35 percent by weight for tBu-PBD. This solution was spin-coated on a glass substrate with indium 
tin oxide (ITO) being a transparent electrode to form a film with the thickness of 1 00 nm, and 1 0 nm of Ca and 1 00 nm 
of Al were deposited on it by a vacuum evaporation to provide a cathode. As a positive electrbal voltage was appWed 
on the ITO-side of this organic light-emitting device and a negative electrical voltage was applied on the Ai-side, green 
luminescence originating from iridium complex was observed. The quantum yield of the luminescence was approx- 

10 imately 4 %, 

(Example 2-1) Synthesis of the monomer of the phosphorescent compound; {2-[3-(2-methacry!oyloxyethyO 
carbamoyloxyphenyl^yridine)bis[2-(3i3ropionylphenyl)pyridine]iHdium^ {smiplified as lr(MiPPy){PrC0PPy)2 below) 

[01 33] The intermediate of the monomer lr(HO PPy)3 synthesized In the example 1 -1 was reacted with methacryloyl 
oxyethyiisocyanate (MOf, produced by Showa Denko K, K) at 1 :1 , and subsequentlythe residual OH group was reacted 
. with PrCOGl to obtain a complex based on ir{MIPPy)(PrC0PPy)2» as showt in scheme (6), 



40 I0134J Specifically, 8 ml of dried THF, 0.706 g (1 mmol) of lr(HOPPy)3, and 0.1 06 g {1 mmol) of MOI were put into 
a reactor and reaction was performed for 6 hours at 20 After 0.600 g (5.9 mmol) of triethylamine as a deoxidizer 
was added into this reacted solution, a solution in which 0.370 g (4 mmol} of propionyichloride was dissolved into 4 ml 
of dried THF was dropped for 30 minutes and, furthennore, reaction was performed for 5 hours at 20 so that the 
residual OH groups was reacted, and hydrochloride of triethylamine was filtered and separated. The solvent in the 

45 filtrate was evaporated and exsiccated and the obtained solid content was purified by perfonning recrystallization in 
chloroform /meltianol-mixed solvent twice, to obtain 0.613 g (0.63 mmol) of objective ir{MIPPy)(PrC0PPy)2 as powder, 
Identiffcation for It was perfonned by CHN and Ir elemental analysis and IR. 

(Example 2-2) Synthesis of the phosphorescent compound; {2"[3-(2^methacry1oyloxyethyOcarbamoyloxyphenyl] 
so pyridine}bis[2-(3-propionytphenyl)pyridine]iridium(!ll) / N-vlnylcarbazole copolymer (simplified as Ir(MIPPy) 
(PrC0PPy)2 / VCz copolymer below) 

[0135] According to scheme (7), afler 0,243 g (0.26 mmol) of lr(MiPPy)(PrC0PPy)2 complex synthesized In example 
3, 0.918 g (4J5 mmof) of N-vlnyk;ari:jazole (VCz) (lr{IVl[PPy)(PrCOPPy)g and VCz being in molar ratio of 5:96), 0.010 
55 g (0,061 mmol) of 2,2'-azobis(isobutyronitrile)(AIBN), 10 ml of butyl acetate were put into a reactor and replacement 
with nitrogen was peri^omfied, reaction was performed for 10 hours at 80 '^C. 
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[0136] After the reaction, throwing into acetone for reprecipitation was performed and a copolymer was recovered 
55 by filtration. Throwmg of a solution of the recovered copolymer in chlorofonn Into methanol for reprecipitation was 
further performed twice for purification and vacuum drying was performed after recovering the precipitation, to obtain 
1 .053 g of objective [r(MIPPy){PrC0PPy)2 / VCz copolymer as powder CHN and fr elemental analysis for the obtained 
copolymer supported that lr(MIPPy)(PrC0PPy)5 and VCz copolymerized in molar ratio of 5:95. That is, the repeating 
number m of the phosphorescent unrts,/ the repeating number of the carrier transporting units n = 6 / 95 is considered. 
40 Also, from GPCforthecopolymermchforofomn,welght-averBgemolecularw8lghtwas23CK)0 relative to thepol^^ 

standard {an average degree of poiymerizabn calculated from the weight-average molecular weight being 64), Fur- 
thermore, the phosphorescent compound according to the present invention is soluble in an organic solvent such as 
chloroform, etc. 

45 (Example 2-3) Fabrication of an organic light-emitting device 

[0137] A solution of !r(MIPPy){PrC0PPy)2/ VCz copolymer andtBu-PBD In chloroform was prepared. The proportion 
was 85 percent by weight for lr(MiPPy)(PrC0PPy)2/ VCz copolymer to 35 percent by weight for tBu-PBD. This solution 
was spin-coated on a glass subs&rate with ITO to foim a film wi»i the thickness of 100 nm, and 1 0 nm of Ca and 100 
50 nm of Al were deposited on it by a vacuum evaporation to provide a cathode. As a positive electrical voltage was 
applied on the ITO-side of this organic light-emitting device and a negadve ^ectrical voltage was applied on the Al- 
side, green luminescence originating from the iridium complex was observed. The quantum yield of the luminescence 
was a|:^roximateSy 3 %. 

S5 (Example3"1)Synthesisofthephosphorescent compound; [2-(3-hexylphenyl)pyridine]bis(2-phenyIpyridine)iri^^ 
/ 3-hexylthlophene copolymer (simplified as lr(HPPy)PPy2/ NT copolymer bebw) 



10138] As shown in scheme (8), 0.099 g (0,25 mmo!) of 5-bromo-2"(4"bromo-3-hexylphenyf)pyndine (HPPyBrg) and 
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1 BA^g (4 JSmmo!) of S-hexyl-^S.S-dibromothioptien© {HTBr^) ((HPPyBra) and (HTBr^) being in molar ratio of 5:95) were 
copofymerized with Ni(COD)2(0) catalyst (wherein COD represents a cydooctadienyl group) in 10 ml of dinnethylfor- 
mamide (DMF) to synthesfze 2-(3^hexylphenyl)pyndlne / S-^heKylthiophene copolymer {HPPy / HT copolymer) accord- 
ing to the usual method. Then, 0,625 g (4 mmoi) of this HPPy / HT copolymer and 0.099 g (0.2 mmol) of !r(acac)3 were 
5 dissolved in metacresol and reaction was perfom^ed for 1 0 hours at 250 '^C. Furthermore, 0.062 g (0,4 mmol) of phe- 
nylpyrldine was added into this solution and reaction was performed for 1 0 hours at 250 'C. 
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[0139] After the reaction, throwing into acetone for reprecipltation was pertonned and a copolymer was recovered 
by filtration. Throwing of a solution of the recovered copolymer in DMF into acetone for n^reclpltation was further 
so perfonned twice for punficalion and vacuum drying was performed after recovering the precipitation, to detain 0.564 
g of objectfve ir(HPPy)PPy2 / i-iT copoiymer as powder. 

[0140] CHN and Ir elemental analysis for the copoiymer supported a supposed structure, That is, the repeating 
number m of the phosphorescent unrts / the repeating number of the carrier transporting units n =^ 5 / 95 is considered. 
Also, from GPC for the copolymer in hexaf luoroisopropanol, weight-average molecular weight was 1 8000 relative to 
35 the polystyrene standard (an average degree of polymerlzaion calculated from the weight-average molecular weight 
being 68). Furthermore, the phosphorescent compound according to the present invention is soluble in an organic 
solvent such as DMF, etc. 

(Example 3-2) Fabrication of an organic light-emitting device 

40 

[01411 A solution of lr(HPPy)PPy2/ HT copolymer and t8u-P8D in chloroform was prepared. The proportion was 65 
percent by weight for lr(HPPy)PPy2/ HT copolymer to 35 percent by weight for tBu-PBD. This solution was spin-coated 
on a glass substrate with ITO to form a film with the thickness of 100 nm, and 10 nm of Ca and 100 nm of Al were 
deposited on it by a vacuum evaporation to provide a cathode. As a positive electrical voltage was applied on the ITO- 
45 side of this organic light-emitting device and a negative electrical voltage was applied on the Al-side, yellow lumines- 
cence originating from the iridium complex was observed. The quantum yield of the luminescence was approximately 
1%. 

(Example 4-1 ) Synthesis of the monomer of the electron transporting compound; 2-(44ert-butyl-phenyl)-(4'-viny[- 
50 blphenyl-4-yl)-[1 ,3,4]oxadjazole (simplified as VPBD below) 

[0142] VPBD was synthesized according to the method disclosed in Japanese Laid-Open Patent Application No. 
104665. 

55 
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(Example 4-2) Synthesis of the phosphorescent compound; [2-(3-methacrylphonyl)pyndine]b]s[2-(3"propionyiphenyl) 
pyridine]lrid]um(lll) / N-vinylcarbazole / 2»{44ert-butyl-phenyl)^5^(4'-vlnyl-biphenyj4-'yl)-[1 ,3,4]oxadiazole copolynrier 
(simplified as lr(MPPy)(PrCOPPy)£ / VCz / VPBD copolynner below) 

10143] According to scheme (9), after 0.222 g (0.25 mmol) of lr(yPPy)(PrCOPPy)2 complex synthesized in example 
1 -1 , 0.628 g {3,25 mmof) of VCz, 0.571 g (1 ,50 mmol) of VPBD synthesized in example 4-1 descried above (the molar 
ratio being lr(MPPy){PrC0PPy)2 : VCz : VPBD - 5 : 65 : 30), 0-010 g (0,061 mmol) of 2,2^"azobls(isobutyronitrlle) 
(AIBN), and 10 mi of benzene were put into a reactor and replacement with nitrogen was perfomied, reaction was 
performed for 10 hours at 80*C, 

[01 44] After the reaction, the product was thrown into acetone, reprecipitation was perfomned, and a copolymer was 
recovered by filtration. Throwing of a solution of the recovered copolymer in chloroform into methanol for reprecipitation 
was further performed twice for purification and vacuum drying was performed after recoverirrg the precipitation, to 
obtain 0,80 g of objective ir(MPPy){PrC0PPy)2 / VCz / VPBD copolymer as powder 





[01451 CNN and Ir elemental analysis for the obtained copolymer (phosphorescent compound) supported that co- 
pojymerization was made in the molar ratio of lr(MPPy){PrC0PPy)2 : VCz : VPBD = 6 : 65 : 25. That Is, (the repeating 
number of the phosphorescent unite : k) / (the repeating number of the carrier transporting units m+n) =^ 5 / 90 Is 
considered. Also, from GPC for the copolymer in chloroform, weight-average molecular weight of the copolymer was 
30000 relative to the polystyi^ne standard (an average degree of poiymenzaion calculated from the weight-average 
molecular weight being 2.5). This copolymer is soluble In an organic solvent siKJh as chloroform, etc. 
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{Example 4-3) Fabrication of an organic ilght-emitting device 

E0146J A solution of lr(MPPy)(PrC0PPy)2 / VCz / VPBD copolymer obtained in example 4-2 In chloroform was pre- 
pared. This solution was spin-coated on a glass substrate with (TO to form a film with the thickness of 1 00 nm, and 1 0 
5 nm of Ca andl 00 nm of Al were d^osited on it by a vacuum evaporation to provide a cathode so that an organic liglit- 
emittlng device was obtained. As a positive electrical voltage was applied on the ITO-side of this organic light-emitting 
deNflce and a negative electrical voltage was applied on the Ai-side, green luminescence originating from ttie iridium 
complex was observed. The quantum yield of the luminescence was approximately 3 %. 

10 (Example 5-1 ) Synthesis of the electron transporting polymer compound; poly-VPBD (simplified as PVPBD below) 

[0147] PVPBD was synthesized according to the method disclosed in J^anese Laid-Open Patent Application No. 
10^1665. 

15 (Example 6-2) 

[0148] Asolution of lr(IVIPPy)(PrCOPPy)2/VCzcopoiymerobtained in example 1-2 and PVPBDobtained In example 
5-1 in chloroform was prepared. The proportion was 65 percent by weight for lr(IWPPy)(PrC0PPy)2 / VCz copolymer 
to 36 percent by weight for PVP8D. This solution was spin-coated on a glass substrate with indium tin oxide (ITO) 
20 being a transparent electrode to form a film with the thickness of 100 nm, and 10 nm of Ca and 1 00 nm of Al were 
deposited on it by a vacuum evaporation to provide a cathode so that an organic light-emitting device was obatined. 
As an electrical voftage was aj^lied wherein the ITO-side of this organic light-emitting device was at positive and the 
Ahside was at negative, green luminescence originating from the iridium complex was observed. The quantum yield 
of the luminescence was approximately 4.5 %. 

(Example 6-1 ) Synthesis of the monomer having a blue phosphorescent site; iridium{llf) bls(2-(2,4-difluorDphenyl) 
pyridlnato) (5-methacryloyloxymethyiplcolinato) (simplified as lr(2,4-F-ppy)fe(5-CH2MA'-plc) below) 

[01491 As shown in scheme (10), iridium(lll) bls(2-(2.4-difluorophenyl)pyrldlnato)(6"(hydroxymethyl)pico1fnato) (sim- 
30 plified as lr(2.4-F-ppy)2(5-CH20H-pic) below) was synthesized. That is, 10 ml of dried N,N-dlmethyifomiamide was 
added to 121 .8 mg (0.1 mmol) of [lr{2,4-F-ppy)2CI]2. 45.9 mg (0.3 mmol) of 5-hydroxymethylpicolinic acid, 1 06.0 mg 
(1 .0 mmol) of sodium carbonate under argon gas stream and steering was perfomied for 2 hours at 80 ^C. After 50ml 
of water was added into the reacted liquid, extraction with ethyl acetate was perfomied. After the solution was dried 
. over magnesium sulfate, concentrated, and purified by means of column diromatography (silica gel, methanol : chlo- 
S5 reform = 1:19 {volume ratio)), Furthermore, it was recrystaliized from hexane / chloroform to obtain 1087 mg of Ir 
(2»4-F-ppy)2(5"CH20H-pic) as a yellow crystal. Yield: 75%. Identification was performed by 1H-NMR and CHN elemen- 
tal analysis. ^H-NMR (270 MHz, DMSO^dg), ppm: 8.54(d, 1 H. J = 4.6), 8.3 - 8.2(m, 2H), 8.1 - 8.0(m, 4H), 7.70(s. 1 H). 
7.61 (d, 1 H, J = 4.9), 7.49(dd, 1 H. J = 6.6, ,6,6), 7.32{dd, 1 H, J = 6.6, ,6.6). 6.9 - 6.7(m, 2H). 5.71 (dd. 1 H, J = 8.9. 2.4), 
5.46(dd, 1 H, J = 8.5, 2.3), 5.42(t, 1 H, J = 4.6), 4.49(d, 2H, J = 4.6). Anal. Found: C 48,05, H 2.64, N 5.86, Caicd: C 
40 48.06, H 2.50, N 5.80, 
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25 

£01 501 Subsequently, As shown In scheme (11 ), !r(2,4-F-ppy)2^6»'CH2MA'"plc) was synthesized. That Is, 72.5 mg (0.1 
mmof} of lr(2,4"F"Ppy)2(5-CH20H-pic) and 0.2 mg of 2,6-dl-tert-4-nnethylphenol were dissolved into 10 ml of dried 
dichloromethane under argon gas stream, 1 01 .2 mg (1 ,0 mmol) of triethyiamlne and 52.3 mg (0.5 mmol) of methacrylic 
acid chloride were added, and steering was perfomied for 2 hours at room temperature. 50 ml of water was added into 

30 the reacted liquid and extraction with chloroform was perfomied. After the solution was dried over magnesium sulfate, 
concentrated, and purified by means of column chromatography (silica gel, methanol : chloroform =^ 3 : 97 (volume 
ratk))). Furthermore, It was recrystailized from hexane / chlorof omn to obtain 70.6 mg of 1r(2,4-F-ppy)2(6-CH£MA-pic) 
as a yellow crystal. Yield: 89 %. identification was perfomried by ^H-NMR and CHN elemental analysis. ''H-NMR(270 
MHZ: DMSO-de), ppm: 8,53(d, 1H, J - 5.1), 8.28(d, 1H, J - 8.4), 8.22(d, 1H, J = 8.6). 8.1 - 8.0(m, 4H), 7.70(s, 1H), 

35 7.66(d, 1H. J - 4.9), 7.48(dd, 1H, J = 6.5, .6.5), 7.31 (dd, 1H, J = 6.5, .6.5). 6.9 - 6.7(m, 2H), 5.84(s, 1H), 5.7 - 5,6(m, 
2H), 5.47(dd, 1 H, J = 8.8, 2.6), 6,24(d. 2H, J ^ 2.7), 1 JB{s, 3H). Anal. Found: C 49,92, H 2.87, H 5.23. Calcd: C 50,00, 
H 2.80, N 5.30. 
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(Example 6-2) Synthesis of the morromer having a green phosphorescent site; [6-(4-vinylphenyI)-2j4-hexanedionato] 
bls(2-phenylpyrtdine) iridium(lll) (simplified as ir(ppy)2[1"(StMe)"acac] below) 

30 [0151] As shown in scheme (12), acetylacetone and 4-vinylbenzytchforide were reacted to synthesize 6-(4-vinylphe- 
nyt)"2,4"hexanedione. That is, 1 .23 g (60% in oil) (31 mmol) of sodium hydride was weighed under nitrogen atmosphere, 
60 ml of dried tetrahydrofuran (simplified as THF bebw) was added to It, and cooling was performed to 0 *C in an ice 
bath. As the mixed solution of 2.5 g (24 mmol) of acetylacetone and 1 ml of hexamethylphospholictriamlde was dropped 
into this suspension, colorless precipitation was produced. After steering for 10 minutes at 0 as 1 7.6 ml (28 mmol) 

35 of a solution (1 .6 M) of n-butyl liliiium in hexane was dropped, the precipitate was dissolved, and steering was further 
perfomned for 20 mir^utes at 0 ''C- 4.0 g (26 mmol) of 4-vinyfbenzylchforide was dropped into the obtained pale yellow 
solution, and afterthe reacted liquid was returned to room temperature and steered for 20 mirtutes, diluted hydrochloric 
acid was added so as to render the water phase acidic. After the;organic phase was washed with saturated sodium 
chloride aqueous solution and dried over magnesium sulfate, the solvent was evaporated by a rotary evaporator. The 

40 obtalr^ed reaction mixture was added into a silica gel column and developed with a mixed solvent of 1 :1 (volume ratio) 
hexane / dichloromethane to fractionate a main product. The solvent was evaporated from the obtained solution under 
reduced pressure to obtain 3.Dg (14mmol) of objective 6-{4-vlnylphenyl)'2,4"hexanedione as brown iiquid. Yield: 56 
%. Identification was performed by GHN elemental analysis and "^H-NIVIR. "^H-NMR (CDCI3): enol; 6 7.33 (d, J = 8.1 
Hz, 2 H, aromatic), 7.14 (d, J - 8.4 Hz. 2 H, aromatic), 6.68 (dd, J - 8,1 Hz, 1 H, vinylb), 5.70 (d, J - 17.0 Hz, 1 H, 

45 vinyllc), 5.46 (s, 1 H, diketonate-methine), 5,20 (d, J - 11.1 Hz, 1 H, vinylic), 2.91 (t, J - 57 Hz, 2 H. methylene), 2.58 
(t, J - 7.3 Hz, 2 H, methylene), 2,03 (s. 3 H, methyl}, keto; 5 7.33 (d, J - 8.1 Hz, 2 H, aromatic), 7.14 (d, J - 84 Hz, 2 
H, aromatic), 6.68 (dd, J ^ 8.1 Hz, 1 H, vinylic), 570 (d, J - 17.0 Hz, 1 H. vinylb), 6.20 (d, J ^ 11.1 Hz, 1 H, vinylic), 
3.63 (s, 2 H, C(=0)CH2C(=0)), 2.89 (m, 4 H, ethylene), 2.1 9 (a, 3 H, methyl), enol : keto === 6 : 1 . E.A.: Calcd for C^^HgOg: 
C, 7776; H, 7.46. Found: C. 77.49; H, 7.52. 

50 
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[0152] Subsequently, as shown in scheme (13), this 6-(4-vinylphenyl)-2,4>hexanedjone and tlr(ppy)2CI]2 synthesized 
according to a usual nnethod were reacted to synthesize lr(ppy)2[1-CStMe)-acacj. That Is, 342 mg (0.32 mmol) of [Ir 

15 (ppy)2Cll2, 1 .58 mg (1 .5 mmol) of sodium carbonate, and 5 mg (0.023 mmol) of 2,6-di-tert-biJtyl4"mDthylphenol were 
dissolved Into 5 ml of NpN-dimethylformamide (simplified as DMF below), 210 mg (0.97 mmbl) ofi"(4-vinylphenyl)- 
2,4-hexanedione was added into it, and steering with heating was performed for 1 hour at 66 *C. Then, att&r dilutGd 
hydrochloric acid aqueous solution was added to the reacted solution cooled Ic room temperature, a pale yellow com- 
ponent was e>ctracted with chloroform. After the solvent was evaporated using a rotary evaporator, the residue was 

20 dissolved into a smafi amount of dichloromethane to fractionate a yellow main product by means of silica gel column 
chromatography (developer: dichloromethane). This solution was exsiccated under reduced pressure, a dichlorometh- 
ane-hexane mixed solution was added, and recrystallizatlon was performed at -20 ''C, to obtain 354 mg (0.49 mmol) 
of objective lr(ppy)2[1 '(StMe)-acacj as a pale yellowcrystal. Yield: 78 %. Identification was perfomDed by cm elmental 
analysis and ^H-NMR. "'H NMR (CDCy; 5 8.47 (d, J = 6.7 Hz. 1 H, ppy). 8.21 {d, J 5.7 Hz, 1 H, ppy), 7.9 ^ 7B (m, 

25 6 H, ppy), 7.1 8 (d, J ^ 8.1 Hz, 2 H, stylyl-aromatic), 7,00 (m, 2 H. ppy), 6,89 (d. J - 8.1 Hz. 2 H, slyly I -aromatic), 6.75 
(m, 5 H, ppy md vinylic), 6.28 (t, J = 7,3 Hz, 2 H, ppy), 7.67 (d, J = 17.6 Hz, 1 H, vinyllc), 5.19 (d, J 9,5 Hz, 1 H, 
vinyltc), 5.17 (s, 1 H. diketonate-methine), 2.60 (t, J = 7.3 Hz, 2 H, ethylene). 2.36 {m, 2 H, ethylene), 1.75 (s, 3 H, 
methyl). E.A.: 

Calcd for C36H31 IrN^Og: C, 60.40; H, 4.36; N. 3.91 . 
30 Found: C, 61 .35; H, 4.34; N, 3.83. 




(13) 



55 (Example 6-3) Synthesis of the monomer having a red phosphorescent site; [6-(4"Vinylphenyl)'2,4-hexanedionatoibls 
[2-(2"pyridyl)benzothienyl] Irldium(iil) {simpfified as lr(btp)2l1-(StMe)-acac] below} 

[0153] As shown in scheme (1 4), acetylacetone and 4'Vinylbenzylchloride were reacted to synthesize 6-(4-vinylphe- 
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nyl)-2,4-hexan8dione,That is, 1 .23 g (60% in oil) (31 mmol) of sodium hydride was weighed under nitrogen atmosphere, 
60 ml of dried tetrahydroturan (simplified as THF below) was added to it, and cooling was performed to 0 in an ice 
bath. As the mixed soiution of 2.5 g (24 mmol) of acetyfacetone and 1 mi of hexamethylphosphollctri amide (simplified 
as HMPA below) was dropped into this suspension, colorless precipitation was produced, After steering for 1 0 minutes 

5 at 0 ''C, as 1 7.5 ml (28 moi) of a soiution (1 .6 U) of n-butyl lithium in hexane was dropped, the precipitate was dissolved, 
and steering was further performed for 20 minutes at 0 "C. 4.0 g (26 mmol) of 4-vlnyibenzylchjoride was dropped into 
the obtained pale yellow solution, and after the reacted liquid was returned to room temperature and steered for 20 
minutes, diluted hydrochloric acid was added so as to render the water phase acidic. After the organic phase was 
washed with saturated sodium chloride aqueous solution and dried over magnesium sulfate, the solvent was evapo- 

10 rated by a rotary evaporator. The obtained reaction mixture was added Into a silica gel column and developed with a 
mixed solvent of 1 :i (volume ratio) hexane / diohloromethaneto fractionate a main product. The solvent was evaporated 
from the obtained soiution under rediwed pressure to obtain 3.0 g (14 mmol) of objective 6-(4-vinyIpher)yi)-2,4-hexan- 
edione as brown liquid. Yield: 56%. identification was performed by CHN elemental analysis and "^H-NMR. ''H NMR: 
enol; 5 7.33 (d, J = 8.1 Hz. 2 aromatic). 7.14 (d, J = 8.4 Hz, 2 H, aromatic), 6.68 (dd, J ^ 8.1 Hz, 1 H, vinyiic), 5:70 

IS {d, J = 17,0 Hz. 1 H, vinylic), 5.46 (s, 1 H. enol-methine), 5,20 (d, J - 11 .1 Hz, 1 H, vinylic), 2.91 (t, J = 5.7 Hz, 2 H, 
methyiene), 2,58 (t, J = 7.3 Hz, 2 H. methylene). 2.03 (s, 3 H, methyl), keto; 6 7.33 (d, J = 8,1 Hz, 2 H, aromatic), 7.14 
(d, J = 8.4 Hz, 2 H, aromatic), 6.68 (dd, J = 8,1 Hz, 1 H, vinyiic), 6,70 (d, J ^ 17.0 Hz, 1 H. vinytic), 6.20 (d. J = 11,1 
Hz, 1 H. vinylic), 3.53 (s, 2 H, C(-0)CH2C(=0)). 2.89 (m. 4 H, ethylene), 2.19 (s, 3 H, methyl), enol : keto 6 : 1. E. 
A.: Calcd for OuHgOz : C, 77.76; H, 7.46. Found: C, 77.49; H, 7.62. 



[0154] Subsequently, as shown In scheme (15), this 8-(4-vlnylpheny!)-2,4-hexanedione and di([i-chloro)tetrakis 
(2"(2-pyridyl)benzothi8ny!)lridium (simplified as [lr{btp)2Cll2 below) synthesized according to a usual method (for ex- 
ample, described in S. Lamansky, et al., Inorganic Chemistry, 40, 1704 (2001)) were reacted to synthesize lr(btp)2 

35 [1 -(St-Me)-acac]. That is, 263 mg (0.20 mmol) of [ir(btp)2Cl]2 was suspended in 1 0 ml of N^N'-dimethyifomiamide (sim- 
plified as DMF below), 1 61 mg (0.74 mmol) of 6"(4-vinylphenyl)-2,4-hexanedlone, 64 mg of sodium carbonate, and 1 .9 
mg (0.0086 mmol) of 2,8-di-tert-bulyl-4-methylphenof (simplified as BHT below) were added, and steering with heating 
was performed for 1 hour at 80 ^C. 100 m! of water and 60 ml of chloroform were added into the obtained reaction 
mixture and shaken well, and after the organic phase was dried over magnesium sulfate, exsiccation under reduced 

40 pressure was performed by a rotary evaporator. Then, the cnJde purified one was purified with dichiorome^ane as an 
eluate in a siHca gel column to obtain a reddish brown solution. This soiution was concentrated under reduced pressure, 
hexane was added, and recrystailization was perfonmed at «20 to obtain 153 mg (0.18 mmol) of objective lr{btp)2 
[1-(StMe)-acac] as a reddish brown solid (yield: 47 %y identification was perfomied by CHN elemental analysis 
and ^H-NMR. ^H NMR: 68.40 (d, J = 5.4 Hz, 1 H, btp), 7.97 (d, J = 5.4 Hz. 1 H, btp), 7.65 (m, 6 H. btp). 7.1 - 67 (m, 

45 10 H, aromatic), 6.63 (dd, J -17.8, 11.1 Hz, 1 H. vinylic), 6,24 (d, J = 8.1 HzJ H. btp) , 6.16 (d, J = 7.8 Hz. 1 H, btp), 
5.65 (d, J = 17,8 Hz, 1 H, vinylic), 5.22 (s, 1 H, diketonate-methine), 5.18 (d, J = 11.1 Hz J H, vinylic), 2,56 (m, 2 H, 
ethylene), 2.37 (m, 2 H, ethylene), 1 .75 (s, 3 H, methyl). E.A,: Calcd for C4oH3ilrN202S2: C, 58.02; H, 3,77; N, 3.38. 
Found: C, 5779; H, 3.81; N, 3.55. 
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(Example 6-4) Synthesis of white phosphorescent compound 

25 [0155] A copolymer containing three kinds of monomers having emission function synthesized in examples 6-1 to 
6-3 and N-vlnylcarbazole having hole transporting function was synthesized. 

[0156] 1 .55 g (8.0 mmol) of N-vlnylcarbazoie, 58.0 mg (0.08 mmol) of lr(2,4^F^ppy)2(3-ST-plc), 1 .1 mg (0,0015 mmol} 
of lr{ppy)2t1-(ST-'Me)-acac], 1.2 mg (0,0015 mmol) of ir(btp)2[1-(StMe)-acac], and 13 mg (0,08 mmol) of AIBN were 
dissolved into 40 ml of dried toluene and argon was further Insufflated for 1 hour. The temperature of this solution was 

so elevated to 30 ^C, polymerization reaction was initiated, and steering was perfomrted for 8 hours as it stood. After 
cooling down, the reacted liquid was dropped into 250 ml of methanol and a polymer was precipitated and recovered 
by filtration. Furthennore, aftw purification by dissolving the recovered polymer into 25 mi of chiorofomi and dropping 
this solution into 250 mi of methanol to reprecipitate, vacuum drying was p^ormed for 12 hours at 60 to obtain 
116,3 mg of the objective white phosphorescent compound having three kinds of phosphorescent sites radiating in 

35 blue, green J and red coiors. 

[0157] From the result of Ir elemental analysis for the obtained copolymer (phosphorescent compound), the content 
of Ir complex (phosphorescent unit) was 1 .07 m>\%. Also, from GPC for the copolymer in chloroform, weight-average 
molecular weight was 1 2400 relative to the polystyrene standard. 

40 (Example 6-5) Fabrication of an organic light-emlttlng devicG 

[01 58] An organic light-emitting device was fabricated as similar to example 1 except using the copolymer synthe- 
sized In example 6"2 instead of lr(MPPy)(PrC0PPy)2 / VCz copolymer, 

[01 59J As a positive electrical voltage was applied on the ITO-side of this organic fight-emitting device and a negative 
45 electrical voltage was applied on the Al-side, white luminescence was observed with the naked eye, 

[0160] An mission spectrum for the organic light-emitting device Is shown in FIG. 3. Peaks of emission correspond- 
ing to three kinds of phosphorescent units (blue, green, and red) were observed at 480 nm, 520 nm, and 620 nm, 
respectively. The chromaticity of the luminescence color was (0.32, 0.33). 

50 (Example 7-1 ) Synthesis of the monomer having a blue phosphorescent site; irldlum(HI) bls(2-(2,4-difluorophenyl) 
pyndlnato)(3-(4~vinyiphenyl)methoxypicolinato) (simplified as lr(2,4-F-ppy)2(3-ST-plc) below) 

[0161] As shown in scheme (16), 2-(2.4-difluorophenyl)pyridine was synthesized. That is, 8.69 g (55.0 mmol) of 
2^3rormopyridine was dissolved Into 200 ml of dried tetrahydrofuran under argon gas stream, cooling was performed 
55 to -78 ^C, 38.7 ml (61.9 mmol) of a 1.6 M solution of n^butyl lithium in hexane was dropped for 30 minutes. After 
dropping, a solution in which 7.5 g (55.0 mmol) of zinc chloride was dissolved into 50ml of dried tetrahydrofuran (THF) 
was further dropped for 30 minutes. After dropping, temperature was elevated to 0 siowiy, 9,65 g (55.0 mmol) of 
1-bromO"2,4-difluorobenzene and 2.31 g (2.0 mmol) of tetrakis(triphenytphosphine) palladium (0) were added, and 
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after steering was performed for 6 hours under reflux, 200 m\ of saturated saline solution was added Into the reacted 
liquid and extraction was performed with diethyl ether. After the extracted liquid was dried, concentrated, and purified 
by means of column chromatography (silica gel; chlorofornn : hexane = 1:1 (volume ratio)) to obtain 2-{2,4-difliioroph" 
enyl)pyrldine as colorless transparent oil. Yield: 6,00 g. Yield: 63 %. Identiflcatton was perfomied by ^H-NMR and CHN 
5 elemental analysis. 1H^NMR(270 MHz, CDCIs), ppm: 871 (d, 1 H, J = 4.6 Hz), 8.00(td, 1 H, J = 8.9, 6,6 Hz). 7.8 - 7.7 
(m. 2H), 7.3 - 7.2(over wrapped with CHCi3, 1H), 7.1 - S,B(m, 2H), Anal. Found: C 68.98, H 3.^. N 7,31. Calcd: C 
69.11. H 3.69, N 7.33. 




[0162] Subsequently, as shown in scheme (17), a binuclear complex of iridium, I.e. bis(M.-chloro)tetrakls(2-(2,4-dlf- 

luorophenyl)pyridine) diiridium(lll) (simplified as [lr(2,4-F-ppy)2Ci]2 below) was synthesized. That is, 0.96 g (5.0 mmol) 
Z5 of 2-(2,4-difluorophenyl)pyndine and 1 .00 g of sodium hexachloroiridiumate(ll[) n-hydrates (produced by Wako Pure 
Chemical Industries, Ltd.) were dissolved into ^ ml of a mixed solvent of 2-ethoxyethanol ; water = 3 : 1 , and after 
argon was Insufflated for 30 minutes, steering was perfotmed for 5 hours under refiux. The produced precipitate was 
filtered, washed with ethanol and a small amount of acetone, and dried for 5 hours under vacuum, to obtain [lr(2,4-F- 
ppy)gCl]2 as yellow powder Yield: 0.79 g Yield: 86 %. identlflca^on was performed by ^H-NMR and CHN elemental 
so analysis. 1H-^MR(270 MHz, CDCI3), ppm: 9.12(d, 4H, J = 6.7 Hz), B.31 (d, 4H. J = 8.6 Hz), 7,83(dd, 4H, J - 7.6, 7.6 
Hz), 6.82(dd, 4H. J - 7.3, 7.3 Hz), 6.34(ddd, 4H, J = 11 .6, 1 0.0, 2.4 Hz), 5.29{dd, 4H, J - 9.6, 2.4 Hz). Anal. Found: C 
43.69, H 3.53, N 3.54. Calcd: C 43.88, H 3.45. N 3.56, 



35 



40 




(17) 



45 

[0163] Subsequently, as shown in scheme {1 8). irldium(lll) bis(2-{2,4-difluorophenyl)pyrldlnato)(3-hydroxypico[inato) 
(simplified as lr(2,4-F»ppy)2(3-OH-pic) below) was synthesized. That is, 10 ml of dned N,N-dimethylformamide (DMF) 
was added to 1 21 .6 mg (0.1 mmol) of [lr(2,4-F-ppy)2CI]2. 41 J mg (0.3 mmol) of 3-hydroxypico!inlc acid, 106.0 mg (1 .0 
mmol) of sodium carbonate under argon gas stream and steering was perfomned for 2 hours at 80 ^C. After 50 mi of 

so water was added into the reacted liquid, extraction with ethyl acetate was performed. After the solution was dried over 
magnesium sulfate, concentrated, and purified by means of column chromatography (silica gel, methanol : chloroform 
^ 3 : 97 (volume ratio)). Furthermore, it was recrystailized from hexane / chloroform to obtain 1 01 .0 mg of lr{2,4-F- 
ppy)g(3-0H-plc) as a yellow crystal. Yield: 71 %. Identification was performed by *^H"NMR and CHN elemental 
analysis. 1H-NMR(270 MHz. DMSO-dg), ppm: 13.6(br, 1 H), 8.60(d, 1 H, J = 5.9 Hz), 8.25(d. 2H, J - 11 .1 Hz), 8.1 - 8,0 

55 (m. 2H), 7.69{d, 1 H, J - 5.7 Hz). 7.62(d. 1H, J = 8.1 Hz), 7.53(d, 1H, J = 4.6 Hz), 7.50(d, 1H, J - 5.7 Hz). 7.36{t. 1H, 
J = 4,5 Hz), 7.24(d, 1 H, J = 5.1 Hz), 6.9 - 6.7(m, 2H), 5.66(dd, 1 H, J = 8.6, 2.4 Hz), 6,4e(dd, 1 H, J = 8.6, 2.4 Hz). Anal. 
Found: C 47.29, H 2.33, N 5.86. Calcd: C 47.32, H 2.27, N 5.91 . 
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(18) 



F 



[01641 Subsequently, As shown in scheme (1 9), !r(2,4-F'ppy)2(3-ST-pic) was synthesized. That is, 15 ml of dried N, 
N-dimethylformamlde was added to 106.5 mg (0.15 mmol) of lr(2,4-F-ppy)2(3.0H-plc), 207.3 mg (1 ,5 mmol) of potas- 
sium carbonate, and 0.3 mg of 2,6-di-t-butylhydroxytoluene under argon gas stream, 91 .5 mg (0,6 mmol) of 4-vinyl- 
benzyichloride was further added, and steering was performed for 4 hours at 80 "C. 1 00 ml of water was added into 
the reacted liquid, and a product was precipitated, filtrated, and purified by means of column chromatography (silica 
gel, methanol : chloroform = 3 : 97 (volume ratio)). Furthermore, it was rectystallized from hexane/ chlorofomi to obtain 
72.0 mg of ir(2,4-F"Ppy}2(3-ST-plc) as a yellow crystal, rield; 58 %. identification was perfomied by iH-Nly/IR and CHN 
elemental analysis, ■"H-NMR(270 MHz, DMSO-dg), ppm: 8,59(d, 1H, J = 5.1 Hz). 8.3 - 8.2(m, 2H), 8.1 - 8.0(m, 2H). 
7,9(d, 1H, J = 8.6 Hz), 7,67(d, 1H, J = 5.1 Hz), 7.6 - 7.3(m. 7H), 6,9 - 6,7(m, 3H), 5.85(d, IH. J = 17,8 Hz), 5.67(dd, 
1H, J = 8.9, 2,4 Hz), 5,45(dd, 1H, J = 8.9, 2,4 Hz), 5.29{s, 2H), 5.27(d. 1 H, J= 11.1 Hz). Anal. Found: C 63.71 , H 2.90, 
N 5.03. Calcd: C 53.75, H 2.93, N 5.08. 
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(Example 7-2) Synthesis of copolymer of lr(2,4-F-ppy)2{3-ST-plc) having a blue phosphorescent site and vinylcartoazole 
having a hole transporting function (slmpfified as lr{2,4-F-ppy)2(3-ST-pic} / VCz copolymer below) 

30 

[0165] 966 mg (5.0 mmol) of N-vinybarbazole, 41(0.05 mmof) of lr(2,4-^F"Ppy)2(3-ST-pic) synthesized in example 
7-1 , and 8.2 rtig (0.05 mmol) of AIBN were dissolved Into 25 mi of dried toluene and argon was further insufflated for 
1 hour. The temperature of this solution was elevated to 80 ''C, polymerization reaction was initiated, and steering was 
performed for 8 hours as ft stood, After cooling down, the reacted liquid was dropped into 250 ml of methanol and a 

35 polymerwas precipitated and recovered by filtration. Furthemriore.afterpurification by dissolving the recovered polymer 
into 26 ml of chloroform and drqsping this solution into 250 ml of methanol to reprecipltate, vacuum drying was per- 
formed for 1 2 hours at 60 to obtain 722 mg of me objecdve lr(2.4^F"ppy)aC3-ST-plc) / VCz copolymer 
[0166] From the result of Ir elemental analysis for the obtained copolymer (phosphorescent compound), the content 
of Ir complex (phosphorescent unit) was 1 .04 mol%. Also, from GPC tor the copolymer In chloroform, weight-average 

40 molecular weight was 11400 relative to the polysl^ene standard. 

(Example 7-3) Synthesis of copolymer of [6-(4-vinylphenyl)-2,4-h8xanedjonatojbis[2~(2-pyrldyl)benzothienyl] Iridium 
(111) having a red phosphorescent site and vinylcarbazole having a hole transporting function (simplified as lf(btp)2 
[1 -(S'nwle)-acac] / VCz copolymer below) 

45 

[0167J 1 .55 g (8.0 rmo\) of N-vlnylcarbazoie, 33.1 mg (0.04 mmoO of lr(btp)2[1 -(STMe)"acacI synthesized in example 
6-3, and 13 mg (0.08 mmol) of AIBN were dissolved into 40 ml of dried toluene and argon was further msufflated for 
1 hour The temperature of this solution was elevated to 80 "^C, polymerization reaction was initiated, and steering was 
performed for 8 hours as It stood. After cooling down, the reacted liquid was dropped into 250 ml of methanol and a 

50 polymerwas precipitated and recovered by filtration. Furthemfiore, atterpurification by dissolving the recovered polymer 
into 25 ml of chlorof oim and dropping this solution into 250ml of methanol to r^recipitate, vacuum drying was performed 
for 12 hours at 60 ^C to obtain 1 .12 g of the objective lr(btp)2[1-(STMe)-acac] / VCz copolymer 
[0168] From the result of Ir elemental analysis for the obtained copolymer (phosphorescent compound), the content 
of !r complex (phosphorescent unit) was 0.59 mor%. Also, from GPC for the copolymer in chloroform, weight-average 

55 molecular we^ht was 1 0800 relative to the polystyrene standard. 
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(Example 7-4) Fabrication of an organic light-^iiting device 

[0169] A solution of lr{2,4-F-ppy)2{3"ST"pic) / VCz copfymer synthesized in example 7-2. lr{btp)2E1-(S™e)"acac] / 
VCz copolymer synthesized In example 7-3, and t8u-P8D in chloroform was prepared- The proportions were 66.85 
5 percent by mass for lr(2.4-F-ppy)3(3-ST'"pic) / VCz coplymer, 3.15 percent by mass for lr(btp)2[1 "(STMe)-acacl / VCz 
copolymer, and 30.0 percent by mass for tBu-PBD. 

[0170] This solution was spin-coaled on a glass substrate with ITO to fonn a film with the thickness of 100 nm, and 
10 nm of Ca and 100 nm of Al were deposited on it by a vacuum evaporation to provide a cathode. 
[01 71 ] As a positive electrical voltage was appRed on the ITO-slde of the obtained organic !ight>emitting device and 
10 a negative electrical voltage was applied on the A^-slde, white luminescence was observed with the naked eye. 

[0172] An emission spectrum for the organic light-emitting device is shown in FIG, 4. Peaks of emission correspond- 
ing to !r(2,4"*Fi?py)2(3-ST-pic) / VCz coplymer and lr(b1p)2t1"(STIVIe)-acac] / VCz copolymer were observed at near 
480 nm and near ^0 nm, respectively. The chromaticity of the luminescence color was (0.30, 0,35). 

15 

Claims 

1 . A neutral organic polymeric phosphorescent compound emitting phosphorescence and used In an organic light- 
emitting device, characterized in that 

20 a phosphorescent unit being a repeat unit for emitting phosphorescence and 

a carrier transporting unit being a repeat unit for transporting a carrier 
comprised. 

2. The phosphorescent compound as claimed in ciaim 1 , characterized in that a repeat number m for the phospho- 
rs rescent unit(s) and a repeat number n for the carrier transporting unlt(s) satisfy a relationship of m < n. 

3. The phosphorescent compound as claimed In claim 2, characterized in that the repeat number m for the phos- 
phorescent unit(s) and the repeat number n for the carrier transporting unit(s) satisfy a relationship of 0.0001 ^ xwl 
(m+^n) < 0,2, 

30 

4. The phosphorescent compound as claimed in any of claims 1 through 3, characterized by being soluble in an 
organic solvent or water 

5. The phosphorescent compound as claimed in any of claims 1 through 4, characterized in that a degree of po- 
35 lymerlzation is 6 through 5000. 

6. The phosphorescent compound as claimed in any of daims 1 through 5, oharacterlzed in that a phosphorescent 
site of the phosphorescent unit and/or a earner transporting site.of the can-ier transporting unit form(s) a side chain 
or side chains, 

40 

7. The phosphorescent compound as claimed any of in claims 1 through 5, characterized In that a phosphorescent 
site of the phosphorescent unit and/or a cannier transporting site of the carrier transporting un(tfomi(s) a main chain. 

8. The phosphorescent compound as claimed In any of claims 1 through 7, characterized in that a carrier transporting 
45 site of the carrier transporting unit is a hole transporting site. 

9. The phosphorescent compound as claimed In any of claims 1 through 7, characterized in that a carrier transporting 
site of the carrier transporting unit Is an electron transporting site. 

so 10. The phosphorescent compound as claimed In any of claims 1 through 7, characterized in that carrier transporting 
sites of the carrier transporting units consist of a hole tr^sporting site and an electron transporting site. 

1 1 . The phosphorescent compound as claimed in any of daims 1 through 1 0, characterized in that a phosphorescent 
site of the phosphorescent unit Is a monovalent group or a divalent group of a complex witti a transition metal or 

55 a rare earth metal 

12. Tlie phosphorescent compound as claimed in claim 11 , characterized in thai 

the monovalent group of the conplex with the transition metal or the rare earth metai bonds, as a skJe chain 
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through a spacer portion, to a main chain and 

the spacer portion comprises an organic group in which the number of carbons is 1 through 30 and a hetero 
atom may be contained or an inorganic group in which the number of hetero atoms te 1 through 1 0 and a carbon 
atom is not contained. 

13, The phosphorescent compound as claimed in any of claims 1 through 12, characterized \n that a canier trans- 
porting site of the carrier transporting unit comprises at least one kind of groups selected from 

the group of groups consisting of monovalent groups of carbazole, monovalent groups of tertiary amine, 
monovalent groups of Imidazole derivath^es, monovalent groups of triazole derivatives, monovalent groups of ox- 

adiazole derivatives, divalent groups of styrene, and divalent groups of fluorene and 
the group of groups in which the groups are substituted with a substltuent. 

14, The phosphorescent compound as claimed in any of claims 1 through 1 3, characterized in that one kind of phos- 
phorescent unit radiating in a certai n one color or more than one kind of phosphorescent units radiating in a certain 
more than one kind of colors different from each other Is/are comprised. 

15, The phosphorescent compound as claimed In claim 14, characterized in that the phosphorescent units consist 
of two kinds radiaSng in blue or green and in yelk)W or red, and radiate in white totally. 

16, The phosphorescent compound as claimed in claim 14, diaracsteHzed In that the phosphorescent units consist 
of ttiree kinds radiating in blue, green and red, and radiate in white totally. 

17, A phosphorescent composition, characterized In thatthe phosphorescent compound as claimed in any of claims 
1 Ihrough 16 is comprised, 

1 8, A phosphorescent composition characterized \n that a plurality of the phosphorescent compounds as daimed in 
claim 14 having one or more kinds of phosphorescent units radiating in colors different from each other are com- 
pounded- 

19, The phosphorescent composition as claimed in claim 18, characterized by radiating totally in white color. 

20, The phosphorescent composition as claimed In claim 18, characterized in that a phosphorescent compound 
having a phosphorescent unit radiating in blue or green and a phosphorescent compound having a phosphorescent 
unit radiating in yellow or red are compounded, and white radiation Is p^o^^ded totally. 

21 , A phosphorescent composition characterized in that the phosphorescent compound or the phosphorescent com- 
position as claimed in any of claims 1 through 20 and a canier transporting polymer compound are cwipounded. 

22, The phosphorescent composition as claimed in claim 21 , characterized in that the carrier transporting polymer 
compound is a hole transporting polymer cwnpound. 

23, The phosphorescent composition as claimed in claim 21 , characterized in that the carrier transporting polymer 
compound is an electron transporting polym^ compound. 

24, A phosphorescent composition characterized in that the phosphorescent compound or the phosphorescent com- 
position as claimed in any of claims 1 thmugh 20 and a earlier transporting low-molecular compound are com- 
pounded. 

25, The phosphorescent composition as claimed in claim 24, characterized in that the carrier transporting low-mo- 
lecular conr^ound is a hole transporting low-molecular compound. 

26, The phosphorescent composition as claimed In claim 24, characterized in thatthe earner transporting low-mo- 
lecuiar compound is an electron transporting low-molecular compound. 

27, An organic light-emitting device having one or more organic polymer layers interposed between an anode and a 
cathode, characterized iti that at least one layer of the organic polymer layers comprises the phosphorescent 
compound or the phosphorescent composition as claimed In any of clain^ 1 through 26. 
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28. Ar\ organic light-emitting device having one or more organic polymer layers Interposed betweer* an anode and a 
cathode, characterized in that 

a color filter is provided between the anode and a transparent substrate on which the anode is provided, and 
at least one layer of the organic polymer layers comprises the phosphorescent compound as claimed In claim 
5 1 5 or 1 6 or tfie phosphorescent composition as claimed in daim 1 9 or 20. 

29. The organic llght-emitting device as claimed in claim 27 or 28» characterized in that the anode is fomned on a 
plastic substrate. 

10 30. The organic light-emitting device as claimed in any of claims 27 through 29, characterized In that the organic 
polymer layer is formed by an ink-jet method or a printing method. 

31* A display apparatus having a display screen, characterized In that 

each pixel of the display screen consists of the organic light-emitting device as claimed in any of claims 27 
^5 through 30, and 

the each pixel has two or more transistors, 
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FIG.2 



METAL CATHODE 



PHOSPHORESCENT 
COMPOUND 



rrO ANODE 



GLASS SUBSTRATE 



METAL CATHODE 

ELECTRON 
TRANSPORTING 
POLYMER 



PHOSPHORESCENT 
COMPOUND 



rrO ANODE 



GLASS SUBSTRATE 



METAL CATHODE 



PHOSPHORESCENT 
COMPOUND 



HOLE TRANSPORTING 
POLYMER 



rrO ANODE 



GLASS SUBSTRATE 



EP 1 424 350 A1 



FIG.3 




WAVELENGTH (nm) 



FiG.4 




400 500 600 700 



WAVELENGTH (nm) 



EP1 424 350 A1 



INTERNATIONAL SEARCH REPORT 



PCT/JP02/08839 



A. CLASSiFICATTON OF SUBJECT MATTER 

IntXl^ C08F226/02, C08G61/12, C09KliyO6, H0SB33/14 



Accocding to I»tematwnal Patent Classification (TPQ or to both national classification and PC 



B. HELDS SEARCHED 



MiuirauKi documfiniate seaiched (dassiflcation system followed by ciassificatioti symbols) 
Int. CI'' C08F2/00-246/00, C08G61/00-61/12 



Tkicmm^a se^trdied other £han miiufnuni documente^OD to (he exienC tbat jiucit doomieDEs are included in the fields BeatciiBd 



Electioiuc data base consulld duting the triteraational scaidi (name of data bsse anii/where pnK:tiC3ble, s^aich tetinswsed) 



a DOOJMBNTSCONSIDERBDTOBBKBLEVANT 



Category* 



Citation at docuaiEDt, wilb indication, wbere appiopriate, of the Felcvant passages 



Relevant to dftim No. 



JP 2002-29383O A (Kanju Institute of Science and 
Teciinology) , 

09 October, 2002 (09.10.02), 

Full text 
(Family: none} 

JP 2001^151868 A {Toyota Central Research And 
Development Laboratories Inc * ) , 

05 June, 2001 (05,06,01), 
Full text 

(Family: none) 

BP 825207 A2 (Bayer AG), 

25 February, 1998 (25.02.98), 

Full text 

6 JP 10-^101738 A & DE 19632949 Al 
£ DS 6114463 A 



1-6,10,11, 
13,14,17,27, 
29-31 



I-S.T^S^IS, 
14,17,27, 
29-31 



1-6,8,13-17, 
27,29-31 



Px] :Further documents are listed in dhecoBttciwtion of Box C See patent family annex. 



■* SpEdal categories of cited docu m&nts: 

"A"* docymcat defining Jiie general statt of the 8iti¥iiich not 

coasidcwd to be of particular rclevaftce 

eaiJiot docuiscDt but public on or after tJ» imern^onal Tditig 

dale 

"L" document vMoh may throw dowbis gn pjioriiy dalxQ(s) or wiaeli I» 
cttttd lo &sUiWtsh thepub]icaitorz date d anotijcrdtalioa or other 
special reason (as speci3e(0 

"O* docimient Teffening to ^ oiaT djsciDSUje,iise» exhibStiim 0^ oth«t 
means 

"P^' doeumeRl publisbed pnor to the injematloial iiliijg dalt but later 
Ibsn the priority 6m ctaimed 



T' later document pubHsJjed after the imemational jSJing date or 
pnority date and not in c»n£iict wiUi the &pp)icstton but cited t« 
usdeistand the prijwaple or theory ucderlying the inventtui^ 

"X* dooimcnt of paiticulBr zetevancc; tfee cUdiw^ invention caumot be 
ooasideied novel or cannot be consideied to involve jti) invenfive 
$ttp when the document i$ taken alone 

"Y" doct»ner>E of particidar tetevajice; the dsiimed mvcn^m c&neQt be 
considered lo invoive an inventive step when tfee docuiDcnt is 
comtu^ wirb one or mote othersucfc docame^such 
oombiBation being obvious to a petson sIdDed iti ^ ait 
' documesntmemberof the sortie patentfemily 



Date of the actual cojnpletioji of tht intfiraaiionai searcti 
15 October, 2002 (15-10.02) 



Date of maiJlng of ibe int&matlona] seaicb lepott 
29 October, 2002 (29-10.02) 



Narac and maiiing adjJiess of the ISA/ 
Japanese Patent Office 

Facsimile No. 



Authorized officer 



TeJcDhone No. 



FoniiFCT/ISA/210 (second sheet) (July 1998) 



EP 1 424 350 A1 



imERMTCONAL SEARCH REPOIO' 



JiiteraalioTiaJ appIicatiDn Ho, 
PCT/JP02/08839 



C(Q)ji^nu8tiou). I)OCUMMIS CONSIDERED TO BE BBLBVANT 



Category* 



A 



A 



Citation of document, with indication, wbere appropriate, of the relevant |>assa©es 



EP 735055 A2 (Bayer AQ) , 
02 October r 1996 (02.10.96), 
Full text 

S JP 8-269138 A & DE 19511484 Al 

EF B50960 Al <1*homson^CSF) , 
01 July, 1998 (01,07.98), 
Full text 

5 JP 10-195131 A 

JP 10-1665 A (Toyota Central Research And 

Development Laboratories/ IncOr 

06 January, 1938 (06.01,98), 
Full text' 

{Family: none), 

JP B-1578i5 A (Chisso Corp.), 
18 June, 1996 (18.06.96), 
Full text 
(Family: none) 

JP 8-48726 A (Chisso CorpOf 

20 February, 1996 (20.02.96), 
Full text 

(Family: none) 

EP 612772 Al (Bayer AG) , 
31 August, 1994 {31,08.94), 
Full text 

& DE 43059S9 Al & US 542021 A 

& JP 6-256429 A 

US 5272238 A {Nippon Oil Co., Ltd.), 

21 December, 1993 (21.12.93), 
Full text 

6 FR 2668154 Al & JP 4-154833 A 



Reievast to claim No. 



1-6,8,13-17, 
27,29-31 



1-31 



1-31 



1-31 



1-31 



1-31 



1-31 



Foim PCT/ISA/210 (continualjon of second sbeei) (July 1998) 



